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PLATFORM AND METHOD FOR
PERFORMING CYBERSECURITY
ANALYSES EMPLOYING AN
INTELLIGENCE HUB WITH A MODULAR
ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority on U.S.
Provisional Application No. 62/611,489 filed Dec. 28, 2017,

the entire contents of which are incorporated by reference
herein.

FIELD

Embodiments of the disclosure relate to the field of
cybersecurity. More specifically, one embodiment of the
disclosure relates to a cybersecurity intelligence hub 1nclud-
ing plug-ins each being configured to control the storage,
collection and distribution of cybersecurity intelligence.

GENERAL BACKGROUND

Cybersecurity attacks have become a pervasive problem
for organizations as many networked devices and other
resources have been subjected to attack and compromised. A
cyber-attack constitutes a threat to security arising out of
stored or in-transit data which, for example, may involve the
infiltration of any type of content, such as solftware for
example, onto a network device with the intent to perpetrate
malicious or criminal activity or even a nation-state attack
(e.g., “malware”).

Recently, malware detection has undertaken many
approaches involving network-based, malware protection
services. One conventional approach involves placement of
malware detection devices at the periphery of and through-
out an enterprise network. This approach 1s adapted to (1)
analyze imformation propagating over the network to deter-
mine a level of suspiciousness and (1) conduct a further
analysis of the suspicious information by a separate malware
detection system or internally within the malware detection
device itself. While successiul 1n detecting known malware
that 1s attempting to infect network devices connected to the
network (or subnetwork), as network tratflic increases, the
malware detection devices may exhibit a decrease 1n per-
formance, especially 1in detecting advanced (or unknown)
malware due to their limited accessibility to cybersecurity
intelligence.

Currently, no concentrated efforts have been made to
leverage the vast amount of available cybersecurity imtelli-
gence 1n efforts to provide more rapid malicious object (or
event) detection, increased accuracy in cyber-attack detec-
tion, and increased visibility and predictability of cyber-
attacks, their proliferation, and the extent of their infection.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mnvention are illustrated by way of
example and not by way of limitation in the figures of the
accompanying drawings, in which like references indicate
similar elements and 1n which:

FIG. 1 1s an exemplary block diagram of an exemplary
embodiment of a comprehensive cybersecurity system.

FIG. 2A 1s an exemplary embodiment of the cybersecurity
intelligence hub of FIG. 1 communicatively coupled to
sources and consumers of cybersecurity intelligence.
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FIG. 2B 1s a first exemplary embodiment of the cyberse-
curity intelligence hub of FIG. 1.

FIG. 2C 15 a second exemplary embodiment of the cyber-
security intelligence hub of FIG. 1.

FIG. 3A 1s a first exemplary embodiment of the logical
architecture of the cybersecurity sensor deployed within the
comprehensive cybersecurity system of FIG. 1

FIG. 3B 1s a second exemplary embodiment of the cyber-
security sensor collectively operating with an auxiliary
network device deployed within or outside of the compre-
hensive cybersecurity system of FIG. 1.

FIG. 3C 1s an exemplary embodiment of the logical
architecture of an agent deployed within the comprehensive
cybersecurity system of FIG. 1.

FIG. 4 1s an exemplary block diagram of an exemplary
embodiment of logic implemented within the cybersecurity
intelligence hub of FIGS. 2A-2C.

FIG. 5 1s an exemplary block diagram of logic imple-
mented within the cybersecurity intelligence hub of FIGS.
2A-2C and the signaling exchange via network interface(s).

FIG. 6 1s an exemplary flow diagram of operations
conducted by different sets of plug-ins 1illustrated in FIGS.
2B-2C.

FIG. 7 1s an exemplary flow diagram of operations
conducted by a plug-in of a first set of plug-ins deployed
within the cybersecurity intelligence hub of FIG. 2A for
responding to low-latency requests for analytics associated
with a selected object.

FIG. 8 1s an exemplary flow diagram of operations
conducted by a plug-in of a second set of plug-ins deployed
within the cybersecurity intelligence hub of FIG. 2A for
responding to requests for analytics.

FIG. 9 1s an exemplary flow diagram of operations
conducted by a plug-in of a third set of plug-ins deployed
within the cybersecurity intelligence hub of FIG. 2A m
analyzing stored cybersecurity intelligence and generating
additional cybersecurity intelligence based on the analyzed,
stored cybersecurity intelligence.

DETAILED DESCRIPTION

Embodiments of the present disclosure generally relate to
a comprehensive cybersecurity platform and method that,
depending on the embodiment, parses, formats, stores, man-
ages, updates, analyzes, retrieves, and/or distributes cyber-
security intelligence maintained within a global data store to
enhance cyber-attack detection and response. The “cyber-
security intelligence” includes meta-information associated
with an “artifact” (i.e., an object, an event, indicator of
compromise, or other information that may be subjected to
cybersecurity analyses), which may be received from a
plurality of diflerent network devices operating as cyberse-
curity intelligence sources. Each artifact may have been
determined to be of a known classification (e.g., benign or
malicious) or an unknown classification (e.g., not previously
analyzed or analyzed with inconclusive results). This clas-
sification of an artifact 1s referred to as the “verdict”.

Responsive to a request from a network device operating,
as a cybersecurity intelligence consumer, a portion ol meta-
information pertaining to a prior evaluated artifact corre-
sponding to the monitored artifact (e.g., verdict) may be
provided to the requesting cybersecurity intelligence con-
sumer, thereby reducing analysis time and increasing analy-
s1s accuracy by that consumer. Furthermore, or in the
alternative, portions of the meta-information may be used to
generate additional meta-information that assists a cyber-
attack analyst, cyber-attack incident investigator, or a secu-
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rity administrator (generally referred to as a “authorized
agent”) to better understand the nature, intent, scope and/or

severity of a particular cyber-attack and/or malware associ-
ated with the cyber-attack, or even to verily whether a
cyber-attack has occurred.

[. DETAILED OVERVIEW

Embodiments of the present disclosure generally relate to
a comprehensive cybersecurity platform featuring multiple
(two or more) stages propagating cybersecurity intelligence
between a cybersecurity intelligence hub located as a public
or private cloud-based service and other cybersecurity
sources and consumers. One example of the comprehensive
cybersecurity platform includes a cybersecurity intelligence
hub (first stage) that provides access to prior analysis results
and verifies artifact classifications by one or more cyberse-
curity sensors. The cybersecurity intelligence hub 1s config-
ured to monitor artifacts on a global scale, while reducing,
the overall network throughput requirements and mitigating,
repetitive analytics on 1dentical artifacts. This allows for
better platform scalability without adversely aflecting the
currency or relevancy of stored metadata within the cyber-
security intelligence hub.

More specifically, for this embodiment of the disclosure,
as part of the comprehensive cybersecurity platform, the
cybersecurity intelligence hub 1s communicatively coupled
to a plurality of network devices. Each of the network
devices corresponds to a cybersecurity intelligence source
(“source™) or a cybersecurity intelligence consumer (“con-
sumer’’), where certain network devices, such as a cyberse-
curity sensor for example, may be categorized as both a
source and a consumer. Hence, the cybersecurity intelli-
gence hub may operate as (1) a central facility connected via
a network to receive meta-information from the sources; (11)
an intelligence analytics resource to analyze the received
meta-information, including results from an analysis of
meta-information or artifacts received 1from disparate
sources, and store the analysis results with (or cross-refer-
enced with) the received meta-information; and/or (111) a
central facility serving as a distribution hub connected via a
network to distribute the stored meta-information to the
consumers. In a centralized deployment, the cybersecurity
intelligence hub may be deployed as a dedicated system or
as part of cloud-based malware detection service (e.g., as
part of, or complementary to and interacting with the cyber-
security detection system and service described in detail 1n
U.S. patent application Ser. No. 15/283,126 entitled “System
and Method For Managing Formation and Modification of a
Cluster Within a Malware Detection System,” filed Sep. 30,
2016; U.S. patent application Ser. No. 15/721,630 entitled
“Multi-Level Control For Enhanced Resource and Object
Evaluation Management of Malware Detection System,”
filed Sep. 29, 2017; and U.S. patent application Ser. No.
15/857,467 entitled “Method and System for Eflicient
Cybersecurity Analysis of Endpoint Events,” filed Dec. 28,
2017, the entire contents of all of these applications are
incorporated by reference herein).

As described below, the cybersecurity intelligence hub
includes a global data store communicatively coupled to a
data management and analytics engine (DMAE) and a
management subsystem. The global data store operates as a
database or repository to receive and store cybersecurity
intelligence, which consolidates meta-information associ-
ated with a plurality of artifacts for storage therein. Fach
artifact of the plurality of artifacts has been (1) previously
analyzed for malware and determined to be of a malicious or
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4

benign classification, (1) previously analyzed for malware
without conclusive results and determined to be of an
“unknown” verdict, or (111) previously not analyzed (or
awaiting analysis), and thus of an “unknown” verdict. In
general terms, the global data store contains the entire
stockpile of cybersecurity intelligence collected and used by
individuals, businesses, and/or government agencies (col-
lectively, “‘customers™), which 1s continuously updated
(through a process akin to “crowd sourcing”) by the various
intelligence sources and by the DMAE to maintain 1ts
currency and relevancy. The global data store may be
implemented across customers of a particular product and/or
service vendor or across customers of many such vendors.

Herein, the stored cybersecurity intelligence within the
global data store includes meta-information associated with
analyzed or unanalyzed artifacts, which are gathered from a
variety ol disparate cybersecurity sources. One cybersecu-
rity source includes cybersecurity sensors located at a
periphery of a network (or subnetwork) and perhaps
throughout the network. A “cybersecurity sensor” corre-
sponds to a physical network device or a virtual network
device (software) that assists 1n the detection of cyber-
attacks or attempted cyber-attacks and provides alert mes-
sages 1n response to such detection. A cybersecurity sensor
may feature malware detection capabilities such as, for
example, static malware analysis (e.g., anti-virus or anti-
spam scanning, pattern matching, heuristics, and exploit or
vulnerability signature matching), run-time behavioral mal-
ware analysis, and/or event-based inspection using machine-
learning models. Another cybersecurity source provides, via
a network device, cybersecurity intelligence utilized by
highly trained experts such as cybersecurity analysts, foren-
sic analysts, or cyber-incident response mvestigators. Also,
another cybersecurity source provides cybersecurity intelli-
gence from a cybersecurity vendor, academic, industry or
governmental report.

In general, the cybersecurity intelligence hub maintains
meta-information associated with actual or potential cyber-
attacks, and more specifically with artifacts constituting
actual or potential malware that are encountered (and,
depending on the embodiment, already analyzed or not) by
the cybersecurity intelligence sources. Additionally, the
meta-information may include information associated with
artifacts classified as benign, mm lieu of only malicious
artifacts, 1n order to provide a more comprehensive view of
the cybersecurity threat landscape experienced by customers
of the comprehensive cybersecurity platform described
below. The cybersecurity intelligence may be consumed by
many of these same sources and possibly other network
devices, e.g., subscribing customers, including governmen-
tal, regulatory or enforcement based agencies that provide
no cybersecurity intelligence sourcing. These sources and
consumers constitute a cybersecurity community built
around the cybersecurity intelligence hub.

As described 1n detail below, the global data store 1s an
intrinsic part of the operation and eflectiveness of the
cybersecurity intelligence hub. For instance, according to
one embodiment of the disclosure, a customer-deployed,
cybersecurity sensor (e.g., a malware detection appliance
being a general purpose computer performing cybersecurity
analyses or a dedicated cybersecurity device, a solftware
agent or other security software executing on a network
device, etc.) receives meta-information (and possibly the
artifact) for verdict verification. Based on the meta-infor-
mation, the sensor determines whether the artifact has been
previously analyzed and a verdict for that artifact 1s avail-
able. This determination may be performed by either (1)
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extracting “distinctive” metadata from the meta-information
that differentiates the artifact (e.g., events, objects, etc.) from
other artifacts or (1) generating the distinctive metadata
from the artifact itself. For some artifacts (e.g., objects), the
distinctive metadata may include an i1dentifier (e.g., object
ID). The object ID may be a hash of the object (e.g., hash
value), a checksum, or other representation based on content
forming the object or information 1dentiiying the object such
as a filename, or a Uniform Resource Locator (URL). For
other artifacts (e.g., network connection events), a grouping
of Internet Protocol (IP) addresses and/or ports may operate
as the distinctive metadata.

Thereafter, the logic within the sensor accesses meta-
information within a data store (on-board the sensor or
accessible and preferably local to the sensor) and compares
this meta-information to the distinctive metadata (e.g.,
object ID for an object being the artifact). Based on the
results of this comparison, 1f a match 1s detected, the logic
within the sensor concludes that the artifact has been pre-
viously provided to the cybersecurity intelligence hub.
Hence, in some embodiments, the sensor refrains from
uploading the meta-information to the cybersecurity intelli-
gence hub. However, 11 a match 1s not detected, the logic
within the sensor considers the artifact has not been previ-
ously analyzed, stores the meta-information, and provides
the meta-information to the cybersecurity intelligence hub.
The cybersecurity intelligence hub receives the meta-intor-
mation from the sensor, including the distinctive metadata
(e.g., object ID), and determines whether the global data
store includes one or more entries for that artifact in order to
return a “consolidated” verdict to the sensor.

As an example, when the artifact 1s an object or a process
behavior or other event related to an 1dentified object
(described below), the distinctive metadata includes a hash
value of the object (object ID), which may operate as a
search 1index for stored meta-information within the global
data store. The logic within the DMAE of the cybersecurity
intelligence hub attempts to determine whether the object ID
matches (e.g., 1s 1dentical or has a prescribed level of
correlation with) a stored object ID. For this example, a
“match” 1s determined when the object ID 1s found to be part
of stored meta-information associated with a previously
analyzed object (generally referred to as “prior evaluated”
artifact). Given the cybersecunity mtelligence hub supports
multiple sensors, 1t 1s contemplated that meta-information
for the same detected artifact (e.g., object) from different
sensors may reside within the global data store (referred to
as the “consolidated meta-information™ associated with the
object). The verdicts (e.g., malicious, benign, unknown)
assoclated with the stored, consolidated meta-information
for the object may be returned from the global store to the
analytics logic. Depending on the rules for generating the
consolidated verdict that control 1ts operability, the analytics
logic may determine the consolidated verdict for the artifact
as a known (malicious, benign) classification or an unknown
classification. In fact, 1n some embodiments, the consoli-
dated verdict may remain at an “unknown’ status until a
predetermined number of analyses of the artifact (e.g., the
number of analyses exceeding a verdict count threshold, as
described below) share the same verdict.

The cybersecurity sensor may be configured to operate
pursuant to a variety of diflerent workflows based on the
received consolidated verdict. In response to receiving a
“malicious” consolidated verdict for an artifact (based upon
consolidated meta-information associated with a prior
evaluated artifact), the cybersecurity sensor may 1ssue or
initiate an alert message (alert) to a security administrator,
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which includes information that enables an action to be
undertaken by the security administrator and/or causes fur-
ther analysis of the artifact to be imtiated. This further
analysis may include acquiring additional meta-information
regarding the artifact including 1ts characteristics and/or
behaviors and 1ts present context (e.g., state information,
solftware profile, timestamp, etc.) to be subsequently
uploaded into the global data store. Herein, an “alert” may
be a system-initiated notification on a particular cybersecu-
rity matter (sent, for example, via email or text message)
while a “report” may be an alert or a system-initiated or
recipient-imitiated download that can provide greater detail
than an alert on a cybersecurity matter.

For a “bemgn” consolidated verdict, the cybersecurity
sensor may terminate further analysis for the artifact. For an
“unknown” consolidated verdict, the cybersecurity sensor
may 1nitiate further analyses as described below, where the
unknown verdict 1s due to a lack of erther (1) an entry 1n the
global data store matching to the artifact or (1) an entry
indicating the artifact has been analyzed previously but with
inconclusive results (e.g., not having satisfied benign or
maliciousness thresholds, or (111) the verdict count threshold
corresponding to a prescribed number of verdicts needed
from different analyses has not been exceeded).

The cybersecurity intelligence hub can also be queried at
any pomt of time by the sensor (or by a customer via a
portal) to check for additional or updated meta-information.
The meta-information may involve a verdict of a prior
evaluated artifact, updated information based on newly
obtained meta-information from recent analysis results,
information to assist in remediation of malware, and/or
information regarding the current cybersecurity threat land-
scape.

It 1s contemplated that, where the artifact 1s a URL for
example, the cybersecurity intelligence hub may contain
meta-information stored within the global data store 1denti-
tying the server associated with the URL, including whether
that server 1s considered, by one or more prior verdicts
associated with other communications, to have a high prob-
ability of being a malicious server. In response, based on this
server-based meta-information, the cybersecurity intelli-
gence hub may associate a high weighting or score with the
artifact 1n classifying the artifact as malicious.

The cybersecurity sensor may also communicate results
of its 1mtiated analysis to the global data store, where the
analysis results are added to an entry (or entries) associated
with the artifact being analyzed and becoming part of the
consolidated meta-information for that artifact. It 1s antici-
pated that the sources will be regularly updating the global
data store with new results, thus maintaining the currency
and relevancy of its recorded cybersecurity information as
further imnformation concerning previously i1dentified cyber-
attacks 1s uncovered, new cyber-attacks are identified, and,
generally, additional artifacts are encountered and possibly
analyzed and determined to be of benign, malicious or
unknown classification. Of considerable benefit, contextual
information included as part of the stored meta-information
from prior verdicts can be used to assess the nature, vector,
severity, and scope ol a potential cyber-attack. Since the
global data store maintains and provides analysis results
from potentially disparate sources (sometimes cross-cus-
tomer, cross-industry, or cross-vector), the cybersecurity
intelligence maintained within the global data store can be
used to generate a comprehensive view ol a cyber-attack,
even for attacks involving sophisticated (e.g., multi-vector
or multi-phased) malware and cyber-attack campaigns that
may be missed by “single point” malware detection systems.
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In accordance with one embodiment of the disclosure, the
DMAE of the cybersecurity intelligence hub further includes
analytics logic and data management logic. The data man-
agement logic may be configured to manage organization
such as normalizing data into a selected data structure or
format, updating index mapping tables, and/or removing
certain data (e.g., parameters such as personal 1dentification
information, entered passwords, etc.) that 1s not required for
cybersecurity analysis. Additionally, the data management
logic may be configured to perform retrieval (read) and
storage (write) of the cybersecurity intelligence within the
global data store. The analytics logic may be configured to
receive request messages for information from any cyber-
security sensor or other consumers of the cybersecurity
intelligence, including security analysts or administrators for
example. One type ol request message 1s a request for
cybersecurity intelligence (e.g., verdict) pertaining to an
artifact while another type of request message 1s a query for
stored analysis results for a particular customer.

According to one embodiment of the disclosure with a
modular architecture, the analytics logic 1s communicatively
coupled to a plurality of software modules (e.g., plug-ins)
installed within the DMAE to handle request messages and
perform specialized analytics. Herein, for this embodiment,
the analytics logic parses the request message to extract at
least a portion of the meta-information (e.g., distinctive
metadata), invokes (selects and/or activates) one or more
plug-ins, provides the extracted portion of the meta-inior-
mation to the one or more selected plug-ins, receives analy-
s1s results from the one or more plug-ins, and, 1n some cases,
processes those results to determine the consolidated verdict
in accordance with rules for generating the consolidated
verdict that control 1ts operability (referred to as “consoli-
dated verdict determination rules™).

The consolidated verdict determination rules may be
static or configurable via download or a user portal. Accord-
ing to one embodiment of the disclosure, the analytics logic
1s configured to invoke and activate one or more plug-ins for
processing, where the plugins may be activated concurrently
(iIn a time-overlapping fashion) or sequentially, and the
determination of which one or more plug-ins to activate and
their order 1n which they are activated may be determined
prior to invoking any of the one or more plug-ins or may be
determined dynamically later during or after analysis by one
or more plug-ins. For example, the analytics logic may be
coniigured to activate one or more plug-ins for processing of
a request message (request or query) in accordance with a
prescribed order, based on a request type and/or meta-
information results of a prior analysis by a plug-in. More
specifically, one selection process may involve the analytics
logic selecting an available plug-in, and after completion of

such operations, mvoking another plug-in to render a con-
solidated verdict. In some embodiments, the selection of a
“next” plug-in may be in accordance with analysis ordering
rules, or conditional rules (e.g., an “if this, then that™ rule as
applied to the type of object or a prior analysis result), which
may be user configurable and/or stored with the consolidated
verdict determination rules.

According to another embodiment of the disclosure, the
analytics logic may be configured to also analyze the
received, consolidated meta-information in accordance with
the consolidated verdict determination rules. Some of these
rules may be coded to preclude the return of a requested
verdict unless a prescribed number of analysis results con-
clude the same, consistent verdict from the same source or
from different sources.
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As described herein, the plurality of plug-ins may include
different sets (one or more) of plug-ins that handle difierent
categories of request messages. For mnstance, a first set of
plug-ins may handle low-latency (real-time) request mes-
sages requiring a response message to be returned promptly
(e.g., within a prescribed duration after receipt of the request
message and/or during the same communication session). A
second set of plug-ins may handle queries for stored con-
solidated meta-information for a particular network device
or customer, which allow for greater latency (e.g., minutes)
in handling and, for at least some of these plug-ins, the
consolidated meta-information may be returned during a
different (subsequent) communication session. A third set of
plug-ins may handle the generation of additional cyberse-
curity intelligence and are invoked 1n response to a trigger-
ing event, namely a dynamic event (e.g., analysis results
received from another plug-in for continued analysis) or a
scheduled event (e.g., whereupon a plug-in operates as a
foreground or background process on a periodic or aperiodic
schedule). For example, the scheduled activation may occur
as a timeout condition when a prescribed period of time has
clapsed since the last activation of a plug-in, a max count
condition where a prescribed number of momtored events
have occurred such as a prescribed number of request
messages have been made, a number of entry accesses have
been performed, etc. since the last activation of a plug-in.

Hence, the plurality of plug-ins may include some or all
of the following: (1) plug-in(s) to generate responses to
request messages, sent by the cybersecurity sensors and
other consumers where artifacts are found benign or mali-
cious consistently 1n other prior analysis verdicts; (2) plug-
in(s) to generate models and tramning of such models to
handle low-latency request messages; (3) plug-in(s) to gen-
erate responses to signal a user of an “unknown” verdict and
include information for certain operations to assist in the
analysis and classification of the artifact; (4) plug-in(s) to
identily imnconsistent verdicts, prompt determination to con-
firm accuracy of (verity) prior analyses results and notify an
administrator (or customer) of icorrect verdicts previously
provided and changes in such verdicts; and/or (5) plug-in(s)
to 1dentily short or long term trends or targeted and delib-
erate cyber-attack campaigns by analysis of the cybersecu-
rity threat landscape.

According to another embodiment of the cybersecurity
intelligence hub, the data management logic 1s communica-
tively coupled to the second set of plug-ins and 1nvokes one
or more plug-ins of the second set of plug-ins to handle other
request messages directed to higher-latency (generally non-
real time) analyses upon receipt of the request message (or
meta-information associated with the request message) by
the analytics logic for processing. Herein, the data manage-
ment logic 1s configured to select the particular plug-in(s) to
handle a request for and return of results from the request
message where timeliness of the response 1s of less 1mpor-
tance. The results may be temporarily stored and provided to
the requesting cybersecurity sensor. The data management
logic still manages the organization, retrieval and storage of
the cybersecurity intelligence within the global data store.

In summary, as an illustrative embodiment, the cyberse-
curity 1ntelligence hub may receive a request message over
a network from a cybersecurity sensor. Responsive to the
request message being directed to a low-latency analysis
(e.g., requesting a prior verdict associated with a particular
artifact encountered by the sensor), the analytics logic
invokes one or more plug-ins (referred to as “plug-in(s)”)
from the first set of plug-ins. The selected plug-in(s) signal
the data management logic to check the global data store for
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one or more entries including stored meta-information per-
taining to a prior evaluated artifact that matches particular

distinctive metadata associated with the particular artifact
(e.g., comparison ol object IDs such as hash values, check-
sums or any collection of data to specifically identily the
object, etc.). Upon locating at least one entry, the data
management logic retrieves the consolidated meta-informa-
tion from that entry or entries (e.g., verdicts and other
meta-information such as software profile operating during,
runtime when the artifact was detected or timestamp asso-
ciated with the detection of the artifact) and provides the
retrieved consolidated meta-information to the analytics
logic. Thereafter, according to one embodiment of the
disclosure, the analytics logic returns at least the consoli-
dated verdict (and perhaps other portions of the consolidated
meta-information) to the requesting sensor. All the while, the
analytics logic tracks the request message (message 1D) and
the requesting sensor (sensor 1D) and causes the communi-
cation session established through a network interface of the
cybersecurity intelligence hub to remain open 1n servicing
this low-latency request.

According to another embodiment of the disclosure, oper-
ating with the DMAE, the management subsystem of the
cybersecurity 1intelligence hub may be communicatively
coupled to the third set of plug-ins, which are configured to
generate additional cybersecurity intelligence based on
analyses of stored cybersecurity intelligence within the
global data store. Herein, the third set of plug-ins may be
invoked by the analytics logic 1n response to a triggering
event, as described above. In response to a triggering event,
the management subsystem may also immvoke one or more
plug-ins of the third set of plug-ins to analyze a portion of
the stored cybersecurity itelligence and generate additional
cybersecurity intelligence to provide more context informa-
tion 1n assessing future cyber-attacks. For example, a retro-
active re-classification plug-in may be installed as one of
these plug-ins to monitor, confirm and perform system-wide
correction of prior false positive (FP) and/or false negative
(FN) results, as described below.

It 1s contemplated that other inventive aspect, directed to
the sharing and exchange ol meta-information directed to
malicious and benign artifacts may result 1n the formulation
ol heuristic rules and/or signatures as well as future guid-
ance as to incident investigations and heightened threat
protections 1s described below.

II. TERMINOLOGY

In the following description, certain terminology 1s used
to describe aspects of the mvention. In certain situations,
cach of the terms “logic,” “system,” “component,” or
“engine” 1s representative of hardware, firmware, and/or
software that 1s configured to perform one or more functions.
As hardware, the logic (or system/component/engine) may
include circuitry having data processing or storage function-
ality. Examples of such circuitry may include, but are not
limited or restricted to a microprocessor, one or more
processor cores, a programmable gate array, a microcon-
troller, an application specific itegrated circuit, wireless
receiver, transmitter and/or transceiver circuitry, semicon-
ductor memory, or combinatorial logic.

Alternatively, or 1n combination with the hardware cir-
cuitry described above, the logic (or system/component/
engine) may be software in the form of one or more software
modules. The software modules may include an executable
application, a daemon application, an application program-
ming interface (API), a subroutine, a function, a procedure,
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10

an applet, a servlet, a routine, source code, a shared library/
dynamic load library, or one or more instructions. The
soltware module(s) may be stored in any type of a suitable
non-transitory storage medium, or transitory storage
medium (e.g., electrical, optical, acoustical or other form of
propagated signals such as carrier waves, infrared signals, or
digital signals). Examples of non-transitory storage medium
may include, but are not limited or restricted to a program-
mable circuit; a semiconductor memory; non-persistent stor-
age such as volatile memory (e.g., any type of random
access memory “RAM”); persistent storage such as non-
volatile memory (e.g., read-only memory “ROM?”, power-
backed RAM, flash memory, phase-change memory, etc.), a
solid-state drive, hard disk drive, an optical disc drive, or a
portable memory device. As firmware, the executable code
may be stored 1n persistent storage.

A “network device” generally refers to either a physical
clectronic device featuring data processing and/or network
connection functionality or a virtual electronic device being
software that virtualizes at least a portion of functionality of
the physical network device. Examples of a network device
may include, but are not limited or restricted to, a server, a
mobile phone, a computer, a set-top box, a standalone
malware detection appliance, a network adapter, or an
intermediary communication device (e.g., router, firewall,
etc.), a virtual machine, or any other virtualized resource.

The term “‘consolidated verdict” generally refers to a
selected verdict for an artifact that normally coincides with
at least one verdict of a plurality of verdicts pertaining to the
artifact that may have been received from multiple sources.
One exception may be when the consolidated verdict 1s set
to an “‘unknown” classification.

The term “meta-information” generally refers to a collec-
tion of information associated with an artifact. One type of
meta-information 1s referred to as “consolidated meta-infor-
mation,” including the collection of stored information
pertaining to an artifact that may originate from a single
source or different sources. The consolidated meta-informa-
tion may include, but 1s not limited or restricted to any or all
of the following: (a) a portion of the distinctive metadata of
the artifact (e.g., hash value, checksum, or other ID for an
object), (b) one or more verdicts of the artifact, (c¢) a
consolidated verdict, (d) information directed to the source
of the artifact (e.g., source 1dentifier, descriptor, serial num-
ber, type and/or model data, filename, version number, etc.)
from which the artifact was first received and, where appli-
cable, imnformation from each subsequent source providing
meta-information on the same artifact, (¢) a timestamp
associated with each verdict, and/or (1) other contextual
information related to prior analyses and verdicts. Another
type of meta-information may include uploaded meta-infor-
mation provided to the cybersecurity intelligence hub from
a cybersecurity sensor. This uploaded meta-information may
include the portion of the distinctive metadata, source infor-
mation (e.g., customer identifier, device identifier, etc.),
information associated with an operating environment of the
sensor or endpoint from which the artifact may have origi-
nated, and/or the timestamp.

The term “event” generally refers to a task or activity that
1s conducted by a software component running on the
endpoint (virtual or real) and, 1n some situations, the activity
may be undesired or unexpected indicating a potential
cyber-attack i1s being attempted, such as a file being written
to disk, a process being executed, or an attempted network
connection. The event 1s monitored and logged for analysis,
correlation and classification. A virtual endpoint includes a
run-time environment that mimics, 1 some ways, that of a
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real endpoint, and 1s established within a virtual machine
used to safely monitor one or more runtime activities for
purposes of analysis for malware. Virtual endpoints are
used, for example, by a cybersecurity appliance, located, for
example, at a periphery of a network or operatively associ-
ated with an email server, to monitor network traflic and
emails, respectively, for a cyber-attack. As an illustrative
example, an event related to a particular activity performed
by a process (e.g., process event) may be represented by
distinctive metadata (described below), which may include
a path 1dentifying a location of an object being referenced by
the process and an 1dentifier of the object (e.g., hash value
or checksum of the object). Likewise, an event related to an
attempted or successiul network connection may be repre-
sented by a destination (IP) address (DEST_IP), a source
(IP) address (SRC_IP); and a destination port (DEST_
PORT) associated with the network connection.

The term “‘object” generally refers to content having a
logical structure or organization that enables 1t to be clas-
sified for purposes of analysis for malware. The content may
include an executable (e.g., an application, program, code
segment, a script, dynamic link library “dll” or any {file 1n a
format that can be directly executed by a computer such as
a file with an *.exe” extension, etc.), a non-executable (e.g.,
a storage file; any document such as a Portable Document
Format “PDF” document; a word processing document such
as Word® document; an electronic mail “email” message,
web page, etc.), or simply a collection of related data.
According to one embodiment of the disclosure, the collec-
tion of related data may be data corresponding to a particular
activity (event), such as a successful or unsuccesstul logon
or a successiul or unsuccesstul network connection attempt.

The term “message” generally refers to signaling (wired
or wireless) as either information placed 1 a prescribed
format and transmitted in accordance with a suitable deliv-
ery protocol or information made accessible through a
logical data structure such as an API. Examples of the
delivery protocol include, but are not limited or restricted to
HTTP (Hypertext Transter Protocol); HTTPS (HTTP
Secure); Stmple Mail Transier Protocol (SMTP); File Trans-
ter Protocol (FTP); iMESSAGE; Instant Message Access
Protocol (IMAP); or the like. Hence, each message may be
in the form of one or more packets, frames, or any other
series of bits having the prescribed, structured format.

As described above, one type of message may be a request
to retrieve stored, consolidated meta-information that may
influence subsequent handling of an artifact under analysis.
Another message type may include a query for stored,
consolidated meta-information for a particular customer.
Herein, the stored, consolidated meta-information includes a
verdict that identifies a classification (e.g., benign, mali-
cious, or unknown) of a prior evaluated artifact, a severity of
the cyber-attack 1f the verdict 1s malicious, a textual recom-
mendation to remediate the detected malware, efc.

As described above, each cybersecurity sensor may be
deployed as a “physical” or “virtual” network device, as
described above. Examples of a “cybersecurity sensor’” may
include, but are not limited or restricted to the following: (1)
a cybersecurity appliance that monitors mmcoming and/or
outgoing network tratlic, emails, etc.; (1) a firewall; (111) a
data transfer device (e.g., mtermediary communication
device, router, repeater, firewalls, portable mobile hotspot,
etc.); (1v) a security information and event management
system (“SIEM”) for aggregating information from a plu-
rality of network devices, including without limitation end-
point devices; (v) an endpoint; (v1) a virtual device being
software that supports data capture, preliminary analysis of
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data for malware, and meta-information extraction, includ-
ing an anti-virus application or malware detection agent; or
(v) exchange or web server equipped with malware detec-
tion software; or the like.

An “endpoint” generally refers to a physical or virtual
network device equipped with a software 1image (e.g., oper-
ating system (OS), one or more applications), and a software
agent to capture processing events (e.g. tasks or activities) 1n
real-time for cybersecurity mvestigation or malware detec-
tion. Embodiments of an endpoint include, but are not
limited or restricted to a laptop, a tablet, a netbook, a server,
an industry or other controller, a set-top box, a device-
installed mobile software and/or a management console. An
illustrative embodiment of an endpoint 1s shown in FIG. 3C
and described below.

A “plug-in” generally refers to a software component
designed to add a specific functionality or capability to logic.
The plug-in may be configured to communicate with the
logic through an application program interface (API). The
component can be readily customized or updated without
moditying the logic. As used herein, the plug-in may encom-
pass an add-on or extension, and may include implementa-
tions using shared libraries that can be dynamically loaded
at run-time.

The term “computerized” generally represents that any
corresponding operations are conducted by hardware 1n
combination with software and/or firmware.

As brietly described above, the term “malware” may be
broadly construed as malicious software that can cause a
malicious communication or activity that initiates or furthers
an attack (heremafter, “cyber-attack’). Malware may prompt
or cause unauthorized, unexpected, anomalous, unintended
and/or unwanted behaviors (generally “attack-oriented
behaviors™) or operations constituting a security compro-
mise of information infrastructure. For instance, malware
may correspond to a type of malicious computer code that,
upon execution and as an illustrative example, takes advan-
tage ol a vulnerability 1n a network, network device or
software, for example, to gain unauthorized access, harm or
co-opt operation of a network device or misappropriate,
modily or delete data. Alternatively, as another illustrative
example, malware may correspond to information (e.g.,
executable code, script(s), data, command(s), etc.) that 1s
designed to cause a network device to experience attack-
oriented behaviors. The attack-oriented behaviors may
include a communication-based anomaly or an execution-
based anomaly, which, for example, could (1) alter the
functionality of a network device 1n an atypical and unau-
thorized manner; and/or (2) provide unwanted functionality
which may be generally acceptable in another context.

In certain instances, the terms “compare,” comparing,”
“comparison,” or other tenses thereof generally mean deter-
mining 11 a match (e.g., 1identical or a prescribed level of
correlation) 1s achieved between two 1tems where one of the
items may i1nclude content within meta-information associ-
ated with the artifact.

The term “transmission medium™ generally refers to a
physical or logical communication link (or path) between
two or more network devices. For instance, as a physical
communication path, wired and/or wireless interconnects 1n
the form of electrical wiring, optical fiber, cable, bus trace,
or a wireless channel using infrared, radio frequency (RF),
may be used.

Finally, the terms “or” and “and/or” as used herein are to
be interpreted as inclusive or meaning any one or any
combination. As an example, “A, B or C” or “A, B and/or

C” mean “any of the following: A; B; C; A and B; A and C;
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B and C; A, B and C.” An exception to this defimition will
occur only when a combination of elements, functions, steps
or acts are 1n some way inherently mutually exclusive.

As this invention 1s susceptible to embodiments of many
different forms, 1t 1s intended that the present disclosure 1s to

be considered as an example of the principles of the inven-

tion and not intended to limit the mvention to the specific
embodiments shown and described.

[II. COMPREHENSIVE CYBERSECURITY
PLATFORM

Referring to FIG. 1, a block diagram of an exemplary

embodiment of a comprehensive cybersecurity platiform
(CCP) 100 1s shown. Herein, the CCP 100 features a
cybersecurity intelligence hub 110 and a plurality of cyber-
security intelligence sources (“sources™) 120. The cyberse-
curity intelligence hub 110 1s configured to receive, parse,
analyze and store, 1n a structured format within a global data
store, cybersecurity intelligence from the sources 120. The
cybersecurity intelligence may include meta-information
associated with artifacts that have undergone prior malware
analyses by cybersecurity sensors, incident responders or
highly traimned cybersecurity experts, as described above.
These artifacts are referred to as “prior evaluated artifacts.”
However, 1t 1s contemplated that the cybersecurity itelli-
gence may 1nclude meta-information associated with
detected artifacts that have not undergone prior malware
analyses. The cybersecurity intelligence hub 110 1s further
configured to verity a “verdict” (e.g., a benign, malicious, or
unknown classification) for an artifact based on analyses of
one or more prior evaluated artifacts that match the artifact.
Also, the cybersecurity intelligence hub 110 1s configured to
cvaluate and/or generate additional cybersecurity intelli-
gence for use in detecting campaigns, 1dentifying trends,
and/or retroactively modifying prior verdicts provided to
consumers and later determined to be incorrect.

Herein, some or all of the cybersecurity intelligence hub
110 may be located at an enterprise’s premises (e.g., located
as any part ol the enterprise’s network infrastructure
whether located at a single facility utilized by the enterprise
or at a plurality of facilities). As an alternative embodiment,
some or all of the cybersecurity intelligence hub 110 may be
located outside the enterprise’s network infrastructure and
provided as a service over a public or private cloud-based
services that may be hosted by a cybersecurity provider or
another entity separate from the enterprise (service cus-
tomer). For example, one of these embodiments may be a
“hybrid” deployment, where the cybersecurity intelligence
hub 110 may include some logic partially located on prem-
1ses and other logic located as part of a cloud-based service.
This separation allows for sensitive cybersecurity intelli-
gence (e.g., proprietary itelligence learned from subscrib-
ing customers, etc.) to remain on premises for compliance
with any privacy and regulatory requirements.

As further shown 1n FIG. 1, the cybersecurity intelligence
sources 120 may supply cybersecurity intelligence 1235 from
various locations over transmission medium 130 forming a
wired or wireless network 135. Delivered by the cyberse-
curity intelligence sources 120 using a push and/or pull
communication schemes, the cybersecurity intelligence 1235
may include, but 1s not limited or restricted to one or more
of the following: (a) network periphery detection intelli-
gence 140, (b) network interior detection intelligence 145,
(¢) incident 1nvestigation/response intelligence 150, (d)
forensic analysis intelligence 155 using machine-learning

10

15

20

25

30

35

40

45

50

55

60

65

14

models, (e) analyst-based intelligence 160, (1) third-party
based intelligence 165, and/or (g) attacker intelligence 170.

More specifically, the cybersecunity intelligence 1235 cor-
responds to malware analytics or information collected for
such malware analytics. For instance, the network periphery
detection 1intelligence 140 includes cybersecurity intelli-
gence gathered from analyses of artifacts by an appliance, a
firewall or other network devices that are monitoring net-
work traflic to detect malicious intrusions into a protected
network. The intelligence 140 may include URLs (email
information), analyzed artifacts and/or meta-information
associated with the analyzed artifacts. The network interior
detection intelligence 145 includes cybersecurity intelli-
gence gathered from analyses of artifacts by network
devices connected within the network after passing the
periphery (e.g., software agents within endpoints, email
servers, etc.) 1 order to detect and gather meta-information
associated with malicious operations occurring on devices
within the network 1tself.

The mcident investigation/response intelligence 150
includes cybersecurity intelligence gathered by cyber-attack
incident investigators during analyses of successiul attacks.
This type of cybersecurity intelligence 1s useful for 1dent-
tying the nature and source of a cyber-attack, how the
identified malware gained entry on the network and/or into
a particular network device connected to the network, his-
tory of the lateral spread of the malware during the cyber-
attack, any remediation attempts conducted and the result of
any attempts, and/or procedures to detect malware and
prevent future attacks. Likewise, the forensic analysis intel-
ligence 1535 includes cybersecurity intelligence gathered by
forensic analysts or machine-learning driven forensic
engines, which 1s used to formulate models for use by
certain types of cybersecurity sensors (e.g., appliances) 1n
classifying an artifact as malicious or benign.

As further shown 1n FIG. 1, the analyst-based intelligence
160 includes cybersecurity intelligence gathered by highly-
trained cybersecurity analysts, who analyze the detected
malware to produce meta-information directed to its struc-
ture and code characteristics. The third-party based intelli-
gence 165 includes cybersecurity itelligence gathered from
reporting agencies and other cybersecurity providers, which
may be company, industry or government centric. Lastly, the
attacker intelligence 170 includes cybersecurity intelligence
gathered on known parties that imitiate cyber-attacks. Such
cybersecurity intelligence may be directed to who are the
attackers (e.g., name, location, etc.), whether state-spon-
sored attackers as well as common tools, technique and
procedures used by a particular attacker that provide a better
understanding typical intent of the cyber-attacker (e.g.,
product disruption, financial information exfiltration, etc.),
and the general severity of cyber-attacks initiated by a
particular attacker.

Collectively, some or all of these types of cybersecurity
intelligence may be stored and organized within the cyber-
security 1ntelligence hub 110 on an artifact basis, device
basis, customer basis, or the like.

IV. CYBERSECURITY INTELLIGENCE HUB

Referring now to FIG. 2A, an exemplary embodiment of
the cybersecurity intelligence hub 110 of FIG. 1 1s shown.
The cybersecurity intelligence hub 110 1s communicatively
coupled to cybersecurity sources 200 and cybersecurity
consumers 210 to receive cybersecurity intelligence there-
from. Depending on 1ts operating state, each cybersecurity
sensor 220,-220,, may operate as a source 200 or as a
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consumer 210 of the cybersecurity intelligence. The cyber-
security intelligence hub 110 includes a communication
interface 230, a data management and analytics engine
(DMAE) 240, administrative interface logic (portal) 245,

customer interface logic (portal) 246, a management sub-

system 2350, and/or a global data store 260, as collectively
illustrated in FIGS. 2A-2C.

A. HUB-Consumer/Source Connectivity

Referring to FIGS. 2A-2B, each of the sources 200 1s
configured to provide a portion of cybersecurity intelligence
125 to the cybersecurity intelligence hub 110 via the com-
munication interface 230, where the portion of cybersecurity
intelligence 125 1s parsed by the DMAE 240 and placed into
a structured format withuin the global data store 260 of the
cybersecurity mtelligence hub 110. The structured format of
the cybersecurity intelligence 1235 supports one or more
indexing schemes organized by data type, artifact type (e.g.,
hash value of object), source type (e.g., original source or
cybersecurity source), subscriber type (€.g., company, mndus-
try), geographic location (e.g., source IP address), the num-
ber of occurrence, or the like.

Each consumer 210 1s configured to receive the cyberse-
curity intelligence 125 from the cybersecurity intelligence
hub 110 via the communication interface 230. As shown, a
first portion of the cybersecurity intelligence 125 may be
returned 1n response to a request message provided from a
first cybersecurity consumer (network device) 212 and
observable via an user interface 214 (e.g., display screen,
separate device with display capability, etc.) while a second
portion of the cybersecurity intelligence 125 may be pro-
vided to a second cybersecurity consumer 216 and observ-
able via the user interface 218 1n response to a triggered
event detected by the management subsystem 2350 (e.g.,
scheduled time or a prescribed period of time has elapsed
based on recerved time data from a clock source such as a
real-time clock, a particular number of requests for analysis
ol meta-information associated with a particular artifact as
maintained by a counter associated with each entry in the
global data store 260, etc.). Herein, the second cybersecurity
consumer 216 may be a server configured to support cyber-
security intelligence downloads with no capability to upload
additional cybersecurity intelligence 1nto the cybersecurity
intelligence hub 110 (e.g., governmental entity, etc.) while
the first cybersecurity consumer 212 may be configured as a
server that operates as both a source and consumer.

B. Hub-Sensor Connectivity

1. First Embodiment

As shown 1n FIG. 2A, each cybersecurity sensor 220, -
220,, (M=1), such as the cybersecurity sensor 220, for
example, 1s configured to communicate with the cybersecu-
rity intelligence hub 110 1n response to receiving, for analy-
s1s, a submission 222 (e.g., meta-information 272 and/or
artifact 270) from a network device 224. More specifically,
according to one embodiment of the disclosure, where the
artifact 270 1s provided from the network device 224, the
cybersecurity sensor 220, may conduct a static malware
analysis of the artifact 270 to determine whether the artifact
270 1s suspicious. In the alternative, or additionally per-
formed serially or 1n parallel with the static malware analy-
s1s operations, the cybersecurity sensor 220, may perform an
analysis by accessing metadata within a data store 310 of the
cybersecurity sensor 220, and compare this metadata to
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certain metadata within the meta-information 272 that dii-
terentiate the artifact 270 from other artifacts (referred to as
“distinctive metadata™). For example, this distinctive meta-
data may include an identifier (e.g., object 1D) when the
artifact associated with certain types of process events (e.g.,
open file, create file, write file, etc.) or an object itsell. As
another example, the distinctive metadata may consist of a
source IP address, a destination IP address, and destination
port when the artifact 1s an attempted network connection
event.

Upon determining none of the contents within the data
store 310 matches the distinctive metadata within the meta-
information 272 (e.g., object ID), the cybersecurity sensor
220, sends a request message 226, including the meta-
information 272 to the DMAE 240 of the cybersecurity
intelligence hub 110. One type of request message 226 may
be directed to determining whether the artifact 270 has been
previously evaluated by prompting the DMAE 240 to com-
pare the artifact ID, which may be represented as a hash
value or checksum of the distinctive metadata (e.g., Object
ID, address/port combination, etc.) to stored metadata of
prior evaluated artifacts. If a match occurs, the cybersecurity
intelligence hub 110 returns a response message 228, includ-
ing a consolidated verdict 274 (classification) for the
matched, prior evaluated artifact and additional meta-infor-
mation associated with the consolidated verdict 274.

Responsive to recerving a “malicious” consolidated ver-
dict for the artifact 270 from the DMAE 240, included as
part of the consolidated meta-information associated with
the matched prior evaluated artifact, the cybersecurity sen-
sor 220, may (a) generate an alert a security administrator
(of a network to which the network device 224 belongs) that
the artifact 270 was previously determined to be malicious
(e.g., 1n most cases, providing a portion of the consolidated
meta-information as context) to enable action to be taken to
remediate, interdict or neutralize the malware and/or halt 1ts
spread (e.g., within an enterprise network to which the
network device 224 connects), and/or (b) imitiate further
analysis of the artifact 270 to acquire additional meta-
information including 1its characteristics and/or behaviors
and 1ts present context (e.g., state information, software
profile, timestamp, etc.) to subsequently upload into the
global data store 260.

In response to recerving a “benign” consolidated verdict,
the cybersecurity sensor 220, may terminate further analysis
of the artifact. In response to receiving an ‘“unknown”
consolidated verdict, however, the cybersecurity sensor 220,
may determine to imtiate further analysis as described
above, where the unknown consolidated verdict indicates no
entry 1n the global data store 260 1s present for the artifact
or the entry indicates the artifact has been analyzed previ-
ously but with inconclusive results (e.g., not having satisfied
benign or maliciousness thresholds, or the verdict count
threshold has not been exceeded). Accordingly, based on the
consolidated verdict, redundant analyses of the artifact may
be avoided.

As an 1llustrative example, upon receiving the artifact 270
from the network device 224, the cybersecurity sensor 220,
conducts a static malware analysis of the artifact 270 to
determine whether the artifact 1s suspicious. Furthermore,
operating in parallel with the static malware analysis, the
cybersecurity sensor 220, performs an analysis by accessing
metadata within a data store 310 of the cybersecurity sensor
220, and comparing the metadata to the distinctive metadata
within the meta-information 272 (e.g., object ID). Based on
this comparison, the cybersecurity sensor 220, can deter-
mine whether the artifact 270 has been previously analyzed
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by the cybersecurity intelligence hub 110 via the cyberse-
curity sensor 220, . Upon confirming the artifact 270 has not

been previously analyzed by the cybersecurity intelligence
hub 110, at least the meta-information 272 1s included as part
of the request message 226 provided to the cybersecurity
intelligence hub 110.

As described above, the global data store 260 1s accessed
via the cybersecurity sensor 220,. Additionally, the global
data store 260 may be accessed by a platform administrator
via an administrative portal 2435 or by a consumer 210 (e.g.
a customer) directly or via a customer portal 246 of FIG. 2B,
permitting and controlling external access to the cybersecu-
rity intelligence hub 110. In particular, the administrative
portal 245 may be used to configure rules (e.g., modity,
delete, add rules such as consolidated verdict determination
rules or analysis ordering rules) and allow an administrator
to run queries to recerve and organize cybersecurity intelli-
gence from the global data store 260 for display. The
customer portal 246 may be used to 1ssue queries and access
cybersecurity intelligence associated with that customer
within the global data store (via the data management logic
285). The cybersecurity itelligence may be used, for
example, 1n enhanced detection, remediation, 1nvestigation
and reporting. The type of amount of cybersecurity intelli-
gence made available to the administrator via the adminis-
trative portal 245 may exceed the amount of data made
available to the customer via the customer portal 246.

In various embodiments, the cybersecurity sensor 220,
accesses the cybersecurity intelligence on a “push”™ or “pull”
basis. Moreover, the cybersecurity intelligence can be fur-
nished as general updates to the cybersecurity sensor 220,
(or other consumers 210) based on consumer type, subscrip-
tion type when access to the cybersecurity intelligence hub
1s controlled by subscription (e.g., different levels of access,
different quality of service “QoS”, etc.), or the type of
information that the consumer 210 (or its enterprise/sub-
scribing customer) may find usetul. Alternatively, the cyber-
security intelligence can be accessed by the cybersecurity
sensor 220, (or other consumers 210 via an interface logic)
to “pull” intelligence relevant to a particular detection,
remediation, or 1ivestigation, for example, to provide con-
text and other information regarding specific actual or
potential cyber-attacks. For this, the global data store 260
can be accessed by the cybersecurity sensor 220, (or other
consumers 210), for example, using a hash value, checksum
or other distinctive metadata associated with the artifact as
a look-up index to obtain consolidated meta-information
regarding the artifact (whether i1dentified as malicious,
benign or unknown).

2. Second Embodiment

Alternatively, according to another embodiment of the
disclosure, 1t 1s contemplated that a preliminary malware
analysis of the artifact 270 may be conducted by the network
device 224 (e.g., an endpoint) 1n lieu of the cybersecurity
sensor 220,. Hence, for this embodiment, the network
device 224 sends meta-information 272 to the cybersecurity
sensor 220,, and the cybersecurity sensor 220, does not
perform any static or behavioral analyses on the artifact 270.
Rather, the cybersecurity sensor 220, 1s performing corre-
lation across detected meta-information (e.g., events,
objects, etc.) that are reported from multiple agents to the
cybersecurity sensor 220, supporting these agents. The dis-
tinctive metadata (e.g., object ID) from the meta-informa-
tion 272 may be used in controlling what meta-information
1s uploaded to the cybersecurity intelligence hub 110 as
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described above. As a result, depending on the embodiment,
a cybersecurity sensor can be designed to perform (a)
aggregation of artifacts found by other network devices,
with or without correlation across artifacts and/or devices,
and with or without further analysis and, 1n some cases,
classification to generate a verdict, or (b) detection of
artifacts 1tself (e.g., 1n network traflic, emails or other
content), with or without further analysis and, in some cases,
classification to generate a verdict.

C. Data Management and Analysis Engine
(DMAE)

As shown 1in FIGS. 2A-2B, for this embodiment of the
disclosure, the DMAE 240 includes an analytics logic 280,
data management logic 285 and a plurality of plug-ins
290,-290,, (Nz1) communicatively coupled to and regis-
tered with the analytics logic 280. Each plug-in 290,-290,;
may provide the DMAE 240 with a different configurable
and updateable functionality. Moreover, at least some of the
plurality of plug-ins 290,-290,, may be in communication
with each other, notably where analysis results produced by
one plug-in operate as an mput for another plug-in.

In accordance with one embodiment of the disclosure, via
communication interface 230, the analytics logic 280
receives request messages lfor cybersecurity intelligence
from the consumers 210, including the cybersecurity sensors
220,-220, .. The analytics logic 280 parses the request
message 226, and based on its type and/or content within the
meta-information 272, determines one or more plug-ins to
process the request message 226. More specifically, accord-
ing to one embodiment of the disclosure, the analytics logic
280 1s communicatively coupled to a plurality of software
modules (e.g., plug-ins) installed within the DMAE 240 to
assist 1 responding to the request messages. Herein, for this
embodiment, the analytics logic 280 parses the request
message 226 to obtain at least a portion of the meta-
information (e.g., distinctive metadata), selects one or more
plug-ins 290,, . . ., or 296,; to receive the portion of the
meta-information, receives results from the one or more
plug-ins 290,, . . ., or 296,, and processes the results to
determine the consolidated verdict 1n accordance with ana-
lytic rules 282, including consolidated verdict determination
rules 283.

The consolidated verdict determination rules 283 may be
static (e.g., no known consolidated verdict selected unless
all known verdicts are consistent) or may be configurable.
Examples of these configurable rules 283 for use 1n selecting
a particular classification for the consolidated verdict may
include, but are not limited or restricted to the following: (1)
a source-based analysis where the consolidated verdict 1s
selected as the verdict provided from the most reliable
source (e.g., analyst; blacklist; dynamic analysis
results; . . . third party results . . . ); (1) weighted analysis
where the consolidated verdict 1s selected based on a weight-
ing of one or more factors, including (a) source of verdict
(c.g., most reliable and thus associated with a higher
weight), (b) configuration of the requesting network device
(e.g., security level, enabled features, GUI type, OS type,
etc.) (e.g., where the configuration closest to that of interest
to a customer 1s associated with a higher weight), (¢) type of
analysis conducted to render the verdict (e.g., where certain
analysis may be deemed more reliable and be associated
with a higher weight), (d) time of verdict determination
(e.g., where more recent verdict or a group of two or more
consistent recent verdicts (e.g., regardless of 1nconsistent
prior verdicts) may be deemed more reliable and be asso-
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ciated with a higher weight), (e¢) geographic origin of the
artifact associated with the verdict (e.g., where certain
locations may be deemed associated with a higher weight),
or the like; or (111) a time-based analysis where the consoli-
dated verdict 1s set to an “unknown” classification upon
determining that one verdict or multiple verdicts are aged
longer than a prescribed duration, and thus, may cause an
additional detailed analysis to be conducted on the artifact
that the results of the analysis may be returned to the global
data store to overwrite an aged entry.

It 1s contemplated that the analytics logic 280 1s config-
ured to select (invoke) the one or more plug-ins for pro-
cessing of a request message (request or query) 1 accor-
dance with a prescribed order, based on a request type and
meta-information, or based on results of a prior analysis by
a plug-in. More specifically, one selection process may
involve the analytics logic first selecting an available plug-in
with highest accuracy (confidence) level (e.g., blacklist
plug-1n, whitelist plug-1n, etc.) and the request 1s processed
over a number of plug-ins according to the latency demands
for the return of a consolidated verdict. Additionally, the
analytics logic may be configured to analyze portions of the
meta-information within the request or portions of analysis
results from another plug-in to determine a next plug-in to
invoke as further analysis 1s needed to render a consolidated
verdict. The selection of the next plug-in may be 1n accor-
dance with analysis ordering rules, which may be configur-
able and/or stored with the consolidated verdict determina-
tion rules.

According to another embodiment of the disclosure, the
analytics logic 280 may be configured to also analyze the
received, consolidated meta-information in accordance with
the consolidated verdict determination rules 283 described
above. Some of these rules 283 may be coded to preclude the
return of a requested verdict unless a prescribed number of
analysis results conclude the same, consistent verdict from
the same source or from diflerent sources. The analytics
logic 280 performs such operations to mitigate false posi-
tive/negative results due to, for example, msuilicient intel-
ligence and/or conflicting verdicts. Contlicting verdicts may
be especially prevalent as malware analyses may be per-
formed with different operating systems (OSes), different
application versions, or the like, which may contain different
types or levels of vulnerabilities exploitable by cyber-at-
tackers.

As an 1illustrative example, the cybersecurity sensor 220,
of FIG. 1 may be configured to send the request message 226
corresponding to a verfication request to re-confirm the
verdict associated with the artifact 270. Responsive to
receiving the verification request message 226, the analytics
logic 280 parses the request message 226 and determines
one or more plug-ins (e.g., plug-ins 290, and/or 290,) to
handle the verification request. For this embodiment, the
plurality of plug-ins 290,-290,, may include a first set (one
or more) of plug-ins 292 to handle low-latency requests
(e.g., response time with a maximum latency less than or
equal to a prescribed duration such as less than a few
seconds), a second set of plug-ins 294 to handle requests
other than low-latency requests, and a third set of plug-ins
296 may operate 1n the background to generate additional
cybersecurity intelligence for enhancing cyber-attack detec-
tion and response. The management subsystem 250 moni-
tors for a triggering event, and upon detection, activates one
or more of the third set of plug-ins 296 via the analytics logic
280. These plug-ins 296 are selectively activated based on
the operation to be conducted (e.g., trend analysis, campaign
detection, retroactive reclassification, etc.).
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Additionally, or 1n the alternative, the plurality of plug-ins
290,-290,, may be segmented so that the first set of plug-ins
292 15 configured to handle operations associated with a first
artifact type (e.g., executables) while the second set of
plug-ins 294 and/or the third set of plug-ins 296 are con-
figured to handle operations associated with artifact types
different than the first artifact type (e.g., non-executables
such as Portable Document Format “PDF” documents, word
processing documents, files, etc.). The data management
logic 285 1s configured to manage organization (e.g., nor-
malize data into a selected data structure, updating index
mapping tables, etc.), retrieval (read) and storage (write) of
the cybersecurity intelligence within the global data store
260.

As another 1illustrative embodiment, the cybersecurity
intelligence hub 110 may be configured to receive the
request message 226 via a network 225 from the cyberse-
curity sensor 220,. Responsive to the request message 226
being directed to a low-latency operation (e.g., verifying a
verdict associated with an artifact under analysis), the ana-
lytics logic 280 may select a single plug-in or multiple
plug-ins operating in a serial or parallel manner (e.g.,
plug-ins 290,-290,) from the first set of plug-ins 292. The
selected plug-in(s) (e.g., plug-in 290,) signals the data
management logic 283 to check the global data store 260 for
an entry 276 for that particular artifact. Upon locating the
entry 276, the data management logic 285 retricves meta-
information 287 from the entry (e.g., verdict 274 and per-
haps other meta-information 278 associated with the prior
evaluated artifact such as source, software profile utilized for
analysis, timestamp, etc.) and provides the retrieved meta-
information 287 to the selected plug-in 290, .

Thereatter, according to one embodiment of the disclo-
sure, the selected plug-in 290, returns, via the analytics logic
280, at least a portion of the meta-information 287 to the
requesting cybersecurity sensor 220,. During this verifica-
tion operation, the analytics logic 280 tracks the request
message 226 (and the requesting sensor 220,) and may
cause the communication session through the communica-
tion interface 230 to remain open so that a response may be
provided during the same communication session. Such
tracking may be accomplished through a mapping table or
another similar data structure (not shown).

According to another embodiment of the disclosure,
instead of simply controlling communications between the
selected plug-in 290, and the data management logic 285,
the analytics logic 280 may be configured to analyze the
retrieved meta-information 287 in accordance with a plu-
rality of analytic rules 282 that govern operability of the
analytics logic 280 and are updatable via the administrative
portal 245. More specifically, the plurality of analytic rules
282 include consolidated verdict determination rules 283
and analysis ordering rules 281. The analytics logic 280
operates 1n accordance with the consolidated verdict deter-
mination rules 283 to generate a consolidated verdict for an
artifact associated with meta-information provided with the
request message 226. The analytics logic 280 may further
operate 1n accordance with the analysis ordering rules 281
that may identify an order in processing of the meta-
information 272 (and the resultant analysis results) by the
registered plug-ins 290,-290,..

Herein, illustrated as part of the analytic rules 282, the
consolidated verdict determination rules 283 may be static
or configurable (e.g., via administrative portal 245). Where
the consolidated verdict determination rules 283 promote a
source-based analysis, the analytics logic 280 may deter-
mine a particular classification for the consolidated verdict
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based on the verdict provided from the most reliable source
(or analysis). For example, where the selected plug-in 290,
recovers five (5) verdicts, where some of the verdicts are
third party sources of a less reliable nature and one verdict
1s from full dynamic analysis by a cybersecurity sensor, the
configurable rules 283 may be coded to select the consoli-
dated verdict associated with the dynamic analysis verdict.
Alternatively, the configurable rules may be directed to a
welghting operation, where weightings for each of the five
verdicts are provided and the consolidated verdict i1s based
on the known verdict (malicious or benign) having the
largest collective weighting or some other statistically rel-
cvant basis (e.g., average weighting, etc.). Alternatively, the
weighted analysis may take into account other factors
besides the verdict such as (a) the source of verdict, (b) the
configuration of the requesting network device (e.g., secu-
rity level, enabled features, run-time environment, OS type,
etc.), (¢) the type of analysis conducted to render the verdict,
(d) the time of verdict determination, (¢) the geographic
origin of the artifact associated with the verdict, or the like.

Herein, the analytic rules 282 may further preclude the
return of a “malicious™ or “benign” verdict when a number
of prior analyses (which may be from one or more sensors)
reaching the same, consistent verdict falls below a pre-
scribed verdict count threshold (e.g., two or more consistent
verdicts, at least ten consistent verdicts, etc.). Some embodi-
ments may use a first count threshold for consistent mali-
cious verdicts and a higher second count threshold for a
benign consistent verdict. Hence, before returning at least
the portion ol meta-information 287 to the requesting cyber-
security sensor 220,, the analytics logic 280 alters the
meta-information 287 by setting the verdict as “unknown”.

As another example, the analytic rules 282 may preclude
the return of a “malicious™ or “benign” verdict 1n response
to contlicting verdicts by considering contextual information
(e.g., software profile, source, timestamp, etc.) in reaching
its consolidated verdict for return to the cybersecurity sensor
220,, which may be at odds with the prior system-specific
verdicts. For example, 11 the prior analyses all examined the
artifact’s behaviors 1n a software environment including an
OSX® operating system (OS) and applications running
thereon, but the requesting cybersecurity sensor 220, 1s
encountering the artifact within a different software envi-
ronment, such as a Windows® OS, the consolidated verdict
may indicate an “unknown” (or “indefinite”) status and/or
may simply give a recommendation 273 for further analysis
in the Windows® environment. The recommendation 2735
from the analytics logic 280 may advise on a heightened or
lower risk of maliciousness. For a heightened risk, further
analysis of the artifact 270 may be warranted or even
immediate remedial action may be appropriate. For a lower
risk, the requesting cybersecurity sensor 220, may terminate
an 1n-process malware analysis (or a scheduled malware
analysis).

Although not shown, as an alternative embodiment, 1n
lieu of accessing the global data store 260 via the data
management logic 285, one or more of the plug-ins 290, -
290, may directly access the global data store 260. Herein,
the one or more of the plug-ins 290,-290,, would obtain the
cybersecurity intelligence for enhanced detection function-
ality by receipt of a prior verdict as a definitive finding of an
artifact’s benign or malicious classification or as additional
classification information used 1n subsequent analysis and
classification of the artifact 270.

In various embodiments, the cybersecurity intelligence
(e.g., meta-information within response message 228) can
be furnished to the requesting cybersecurity sensor 220, (or
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other consumers) on a “push” or “pull” basis. Moreover, the
type and amount of cybersecurity intelligence can be fur-
nished to the cybersecurity sensor 220, (or other consumers)
based on customer type, subscription type, geographic
restrictions, or other types of information that the consumer
(or its enterprise/subscribing customer) may find usetul. The
cybersecurity intelligence may constitute general updates to
locally stored cybersecurity intelligence at the cybersecurity
sensor 220, . Alternatively, the cybersecurity intelligence can
be accessed by the cybersecurity sensor 220, (or other
consumers) to “pull” meta-information from the cybersecu-
rity intelligence hub 110 relevant to a particular detection,
remediation, or investigation, for example, to provide con-
text and other information regarding specific actual or
potential cyber-attacks.

For example, where an artifact 1s mitially determined to
be benign by a first source 202, and subsequently classified
as malicious by a second source 204 conducting a later
and/or more 1n-depth analysis, the cybersecurity intelligence
hub 110 may provide updated meta-information (e.g., cor-
rected verdict) to the cybersecurity sensor 220, to retroac-
tively re-classity the artifact 270 as malicious and notily any
customers that received the benign verdict for the artifact
270 with the corrected verdict. As a first illustrative
example, the retroactive re-classification may occur based
on the second source 204 performing a behavioral malware
analysis while the first source 202 may have relied on static
malware analysis. As a second 1llustrative example, both the
first and second sources 202 and 204 may perform a behav-
ioral malware analysis, but using different software images
resulting 1n different classifications (for example, where the
second source 204 uses a soltware image with software
vulnerable to an exploit). As another illustrative example,
the retroactive re-classification may occur when the second
source 204 performs behavioral analyses based on a ditler-
ent (and more advanced) set of rules than the rule set utilized
by the first source 202. This re-classification operation may
be performed by a re-classification plug-in (described

below).

D. Illustrative Plug-Ins

As an 1llustrative example, the plurality of plug-ins 290, -
290, are deployed within the cybersecurity itelligence hub
110 and are registered as a member to one of the sets of
plug-ins (e.g., first set 292 and second set 294). The regis-
tration may be used to identify the logic to which the
additional functionality 1s directed (e.g., plug-ins for han-
dling low-latency requests, plug-ins for handling normal or
even high latency requests, etc.). The third set of plug-ins
296 1s not request-driven; rather, these plug-ins 296 are
activated 1n response to a triggering event (e.g., scheduled or
dynamic event). It 1s contemplated, however, that certain
plug-ins from the second set of plug-ins 294 may be con-
figured for operation as a plug-in for the third set of plug-ins
296 and vice versa. Illustrative examples of different plug-in
types, where each of these plug-ins may operate indepen-

dently or 1n parallel with any other plug-in, are 1llustrated 1n
FIG. 6 and described below.

E. Secondary Embodiment—Cybersecurity
Intelligence HUB

Referring now to FIG. 2C, a second exemplary embodi-

ment of the cybersecurity intelligence hub 110 of FIG. 1 1s
shown. Depending on i1ts functionality, the plurality of
plug-ins 290,-290,, may be segmented among the analytics
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logic 280, the data management logic 283, and the manage-
ment subsystem 250. For instance, the first set of plug-ins
292 may be directly coupled to the analytics logic 280 to
handle time-sensitive requests while the second set of plug-
ins 294 may be directly coupled to the data management
logic 285 to handle requests directed to gathering cyberse-
curity intelligence (stored meta-information) that 1s less
time-sensitive (e.g., stored meta-information for updating
purposes, etc.). Of course, certain plug-ins of the first set of
plug-ins 292 may be communicatively coupled with other
plug-ins within the first set of plug-ins 292 or the second set
of plug-ins 294 for conducting a more expansive analysis,
when needed.

Additionally, according to another embodiment of the
disclosure, operating with the DMAE 240, the management
subsystem 250 of the cybersecurity intelligence hub 110
may be communicatively coupled to the third set of plug-ins
296, which are configured to generate additional cyberse-
curity intelligence based on analyses of stored cybersecurity
intelligence within the global data store 260. In response to
a triggering event, the management subsystem 2350 mnvokes
one or more plug-ins of the third set of plug-ins (e.g.,
plug-ins 290,-290,), which 1s configured to retrieve stored
cybersecurity intelligence within the global data store 260
via the data management logic 285 and generate additional
cybersecurity intelligence. The additional cybersecurity
intelligence may be stored in the global data store 260.
Hence, the cybersecurity intelligence hub 110 can be lever-
aged to provide more eflective protection against cyber-
attacks.

In the event that the management subsystem 250, analyt-
ics logic 280 and the data management logic 2835 monitor the
reliability of the verdict based on count (e.g., the number of
analyses conducted for a particular artifact), the analytic
rules 282 are accessible to each of these components.
However, the analytics logic 280 still may categorize all
request messages received from the cybersecurity sensor
220, and pass those request messages handled by the second
set of plug-ins 294 to the data management logic 285 via
logical path 284.

For instance, as described above and illustrated in FIGS.
2A-2C, the trend plug-ins 290, 1s configured to analyze the
stored meta-information within the global data store 260 for
cyber-attack trends across enterprises, industries, govemn-
ment agencies, or geographic locations while the campaign
plug-ns 290, 1s configured to identify targeted and deliber-
ate cyber-attacks based on repetitious attempts, e.g., to
infiltrate and disrupt operations of a targeted network device
and/or exfiltrate data thereifrom, where the campaigns may
be detected for a particular victim by one or more sensors of
a single customer or by sensors serving customers across an
industry, geography, or computing environment (e.g., oper-
ating system, version number, etc.). Such analysis assists 1n
predicting (and warning) of potential or hidden, but on-
going, cyber-attacks based on historical information. Also,
the correlation plug-in 290, may be configured to perform a
correlation operation across the stored cybersecurity intel-
ligence related to an artifact, or even across a plurality of
artifacts to develop consolidated meta-information (results)
to 1dentity sophisticated cyber-attacks targeting diflerent
network devices, networks or customers associated with
different cybersecurity sensors, as described below.

In yet another mventive aspect, the exchanges between
the cybersecurity intelligence hub 110 and the consumers
210 and 220,-220,, may cause a consumer (€.g., cybersecu-
rity sensor 220, ) to take action 1n response to the supplied
cybersecurity intelligence 125. For example, where cyber-

10

15

20

25

30

35

40

45

50

55

60

65

24

security sensor 220, receives the cybersecurity intelligence
relevant to a recently received artifact that has been deter-
mined by a second cybersecurity sensor 220, to be mali-
cious, the cybersecurity sensor 220, may (1) queue the
artifact 270 1n question for priority/immediate deep analysis,
and/or (2) 1ssue an 1mmediate alert. The cybersecurity
intelligence generated 1n response to the analysis of the
consolidated meta-information may be translated into heu-
ristic rules, signatures, and/or other identifiers that may be
distributed by the cybersecurity intelligence hub 110 to some
or all of the sources and consumers, especially the commu-
nity of cybersecurity sensors 220,-220,, for use in identi-
tying malicious artifacts and preventing such artifacts from
executing on or laterally moving from the cybersecurity
sensor 220, .

Additionally, where the cybersecurity sensor 220,
receives meta-mformation from the DMAE 240 that war-
rants 1ssuance or imtiation of an alert, the cybersecurity
sensor 220, also may implement a more robust protection
regime. This may occur, for example, during a high threat
situation, e.g., a cyber conflict, public infrastructure attack,
political election (e.g., targeting an election commission,
etc.). It may also occur when the DMAE 240 1dentifies a new
threat type (e.g., new type of malware, for example, carried
by a particular file type, exploiting a new version of an
operating system or application, or directed at a particular
industry or government).

As shown 1n FIGS. 2B-2C, via the administrative portal
245 and management subsystem 250, authorized adminis-
trators and cybersecurity providers may upload meta-infor-
mation into the global data store 260 and conduct searches
for certain stored meta-information within the global data
store 260. As an example, a security administrator may
initiate a query 1n accordance with a selected search syntax
to retrieve reclassified verdicts as described herein, meta-
information associated with certain artifact types (e.g.,
executables, particular type of non-executable, etc.) stored
into the global data store 260 during a predetermined period
of time, or the like. Customers may conduct similar queries
with results directed to that particular customer (and not
platform-wide).

As another example, incident responders to a cyber-attack
may i1dentify a certain type of artifact (e.g., indicators of
compromise “I0Cs”) 1n a network. However, by comparing
to the meta-information associated with the IOCs m the
global data store 260, whether by searching for an object ID
(e.g., hash value) or by 1I0Cs ID (e.g., identifying behav-
10rs), 1t 1s contemplated that additional metadata (in lieu of
or 1n addition to the I0Cs) may be returned as an enhanced
report. The enhanced report may include any connection to
malicious websites, additional IOCs 1n the global data store
260 that may assist 1n 1dentifying lateral of malware (and the
amount of lateral spread), common name of detected mal-
ware, or the like. For this embodiment, the request message
sent by the cybersecurity provider (incident responder) to
the cybersecurity intelligence hub 110 may i1dentily a single
IOC or a plurality (or pattern) of IOCs, which are used as an
index to identily an entry in the global data store 260.

The analytics logic 280 may 1dentily and return consoli-
dated meta-information within the single entry or plural
entries 1 the global data store 260, each entry containing
information regarding previously encountered incidents
exhibiting 10Cs having a correlation (equal to or above a
prescribed level of correlation) with the requested 10Cs. The
returned cybersecurity information may include the verdict
(1f any) included in those entries. The returned cybersecurity
information can be used by the incident responder for
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various purposes, such as to guide further investigations
(e.g., by specitying I0Cs that have previously been known
to accompany those included 1n the request but were not yet
observed for the current incident).

Referring now to FIG. 3A, a first exemplary embodiment
of the logical architecture of the cybersecurity sensor 220,

deployed within the comprehensive cybersecurity platform
(CCP) 100 of FIG. 1 1s shown. According to this embodi-
ment of the disclosure, the cybersecurity sensor 220, com-
prises a plurality of components, including one or more
hardware processors 300 (referred to as “processor(s)”’), a
non-transitory storage medium 305, a data store 310, and
one or more network interfaces 315 (each referred to as
“network I/F”). Herein, when the cybersecurity sensor 220,
1s a physical network device, these components are at least
partially encased 1 a housing 320, which may be made
entirely or partially of a rnigid material (e.g., hard plastic,
metal, glass, composites, or any combination thereof) that
protects these components from environmental conditions.

In an alternative virtual device deployment, however, the
cybersecurity sensor 220, may be implemented entirely as
software that may be loaded mto a network device (as
shown) and operated 1n cooperation with an operating
system (“OS”) running on that device. For this implemen-
tation, the architecture of the software-based cybersecurity
sensor 220, includes software modules that, when executed
by a processor, perform functions directed to functionality of
logic 325 illustrated within the storage medium 305, as
described below. As described below, the logic 325 may
include, but 1s not limited or restricted to, (1) submission
analysis logic 330, (1) meta-information extraction logic
335, (1) timestamp generation logic 340, (1v) hashing (or
checksum) logic 345, (v) notification logic 350, and/or (v1)
detailed analysis engine 355.

The processor 300 1s a multi-purpose, processing com-
ponent that 1s configured to execute logic 325 maintained
within the non-transitory storage medium 305 operating as
a memory. One example of processor 300 includes an Intel®
(x86) central processing unit (CPU) with an instruction set
architecture. Alternatively, processor 300 may include
another type of CPUs, a digital signal processor, an Appli-
cation Specific Integrated Circuit (ASIC), a field-program-
mable gate array, or any other hardware component with
data processing capability.

As shown, the network interface(s) 315 may be config-
ured to receive a submission 222, including at least the
meta-information 272, from the network device 224. The
meta-information 272 and/or artifact 270 may be stored
within the data store 310 prior to processing. It 1s contem-
plated that the artifact 270 corresponding to the meta-
information 272 may be requested by the cybersecurity
sensor 220, and cybersecurity intelligence hub 110 when the
artifact 270 1s needed by the cybersecurity intelligence hub
110 to determine verdict. A mapping between the meta-
information 272 and the artifact 270 (referred to as “Meta-
Artifact mapping 360”’) 1s maintained by the cybersecurity
sensor 220, and stored within the data store 310. More
specifically, the mapping 360 may be accomplished by
assigning a distinct identifier to the meta-information 272
and the artifact 270 pairing. It 1s further contemplated that
source-to-meta-information (SRC-Meta) mapping 365 may
be utilized to i1dentity the source of the meta-information
2772 to return verdicts, discern target (among the customers
including the “requesting customer” for alerts concerning
artifacts associated with the submitted meta-information

272, and the like.
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Reterring still to FIG. 3A, the processor(s) 300 processes
the meta-information extraction logic 335 which, during
such processing, extracts the meta-information 272 from the
received submission 222. Additionally, the processor(s) 300
processes the timestamp generation logic 340 to generate a
timestamp that generally represents a time of receipt of the

meta-information 272 (and artifact 270 if provided),
although it 1s contemplated that the timestamp generation
logic 340 1s optional logic as the timestamp may be gener-

ated at the network device 224. Where the artifact 270 1s
provided with the submission 222, the processor(s) 300
process the submission analysis logic 330, which conducts
an analysis of at least a portion of the submission 222, such
as the artifact 270 for example, to determine whether the
artifact 270 1s suspicious. As another optional component,
the hashing logic 345 may be available to the processor(s)
300 to produce a hash value of the artifact 270 for storage
as part of the meta-information 272, provided the hash value
1s not already provided as part of the meta-information 272.

The meta-information 272 (and/or artifact 270) may be
temporarily stored and accessible for use in determiming
whether the artifact 270 has been previously analyzed. The
determination may be accomplished by comparing distinc-
tive metadata within the meta-information 272, which may
be 1dentified 1n meta-information provided from the end-
point 224 (e.g., tagged, stored 1n a particular location within
the data structure of the meta-information 272, etc.), to
locally stored meta-information associated with prior evalu-
ated artifacts (referred to as “prior meta-information”).

As Turther shown 1n FIG. 3A, the cybersecurity sensor
220, 1s configured to transmuit a first type of request message
226 to determine whether the artifact 270 of the submission
222 has been previously analyzed and return a response
message 228, which includes a verdict of such analysis
(bemign, malicious, unknown) and/or additional meta-infor-
mation associated with the prior evaluated artifact and/or
analysis. The verdict 229 may be returned to the network
device 224. The additional meta-information may be stored
in the data store 310 and related to the artifact 270 (e.g.,
stored as meta-information associated with the artifact 270).
Herein, the additional meta-information may include dis-
tinctive metadata (e.g., hash value) associated with the prior
evaluated artifact, the software profile used during analysis
of the prior evaluated artifact, timestamp as to the analysis
of the prior evaluated artifact, a source of the prior evaluated
artifact, or the like.

Responsive to a malicious verdict, the processor(s) 300
processes the notification logic 350, which generates or
initiates the generation of an alert directed to a security
administrator associated with a source of the submission 222
that the artifact 270 has been determined as “malicious.”
This may prompt the security administrator to quarantine (or
temporarilly remove) the “user” network device that
uploaded the submission to allow the security administrator
to disinfect the network device. Also, when implemented,
the processor(s) 300 may process the detailed analysis
engine 355, which performs additional analyses (e.g., behav-
ioral analyses, static analyses, etc.) on the artifact 270 to
re-confirm benign or malicious classification, or 1n response
to receipt of an “unknown” classification, to perform or
initiate the performance of such analyses to determine
whether the artifact 270 may not be determined as “benign”™
or “malicious.” It 1s contemplated, however, that these
additional analyses may be performed on a different network
device other than the cybersecurity sensor 220, as shown 1n

FIG. 3B.
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Referring to FIG. 3B, a second exemplary embodiment of
the cybersecurity sensor 220, collectively operating with an
auxiliary network device 370 deployed within or outside of
the comprehensive cybersecurity plattorm (CCP) 100 of
FIG. 1 1s shown. Herein, the functionality associated with
the meta-information extraction logic 335, the timestamp
generation logic 340 and the hashing logic 345 are per-
tformed by the cybersecurity sensor 220, while the function-
ality associated with the submission analysis logic 330, the
notification logic 350, and/or the detailed analysis engine
355 are performed by the auxiliary network device 370. It 1s
contemplated that the functionality described above can
reside within the cybersecurity sensor 220, or may be
organized 1n accordance with a decentralized scheme with
multiple network devices performing such functionality in
concert.

Referring now to FIG. 3C, an exemplary embodiment of
the network device (endpoint) 224 deployed within the CCP
100 of FIG. 2A 1s shown. According to this embodiment of
the disclosure, the network device 224 comprises a plurality
of components, including one or more hardware processors
375 (referred to as “processor(s)”’), a non-transitory storage
medium 380, a local data store 385, and at least one
communication interface 390. As illustrated, the endpoint
130, 1s a physical network device, and as such, these
components are at least partially encased 1n a housing.

As described, the hardware processor(s) 375 1s a multi-
purpose, processing component that 1s configured to execute
logic 381 maintained within the non-transitory storage
medium 380 operating as a memory. The local (e.g., on-
premises) data store 385 may include non-volatile memory
to maintain metadata associated with prior evaluated events
in accordance with a prescribed storage policy (e.g., cache
validation policy). The prescribed storage policy features a
plurality of rules that are used to determine entry replace-
ment and/or validation, which may impact the categorization
ol a detected, monitored event as locally “distinct” or not.

The communication interface 390 may be configured as
an interface to receive an object 391 (broadly interpreted as
an “artifact”) via any communication medium. For instance,
the communication interface 390 may be network adapter to
receive the object 391 via a network, an mput/output (TO)
connector to receive the object 391 from a dedicated storage
device, or a wireless adapter to receive the artifact via a
wireless communication medium (e.g., IEEE 802.11 type
standard, Bluetooth™ standard, etc.). The agent 395 may be
configured to monitor, perhaps on a continuous basis when
deployed as daemon software, for other artifacts (e.g., events
or particular types of events) occurring during operation of
the network device 224. Upon detecting a monitored event,
the agent 395 1s configured to determine whether the artifact
(e.g., the object and/or the monitored event) 1s “distinct,” as
described herein.

For instance, an artifact may be an object (and/or any
resultant events detected during processing of the object 391
using a stored application 384), or during other operations
that are not directed to processing of a received object 391
(e.g., logon, attempted network connection, etc.). Especially
for the object 391, the agent 395 may rely on the stored
application 384, one or more operating system (OS) com-
ponents 382, and/or one or more soitware driver(s) 383 to
assist 1n collecting metadata associated with an artifact.
When the agent 395 determines the artifact 1s “distinct”
(e.g., distinctive metadata does not currently reside in the
local data store 383), the collected metadata may be included
as part of a submission 397 provided to the cybersecurity

sensor 120, of FIG. 1.
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Referring now to FI1G. 4, a block diagram of an exemplary
embodiment of logic implemented within the cybersecurity
intelligence hub 110 of FIG. 2A 1s shown. According to this
embodiment of the disclosure, the cybersecurity intelligence
hub 110 comprises a plurality ol components, including one
or more hardware processors 400 (referred to as
“processor(s)”’), memory 410, the global data store 260, and
the communication 1nterface 230 configured to receive the
request message 226, including at least meta-information
272 associated with the artifact 270 as shown in FIG. 2.
Herein, when the cybersecurity intelligence hub 110 i1s a
physical network device, these components are at least
partially encased in a housing 420 to protect these compo-
nents from environmental conditions, as described above.

Alternatively, 1n a virtual device deployment, the cyber-
security intelligence hub 110 may be implemented entirely
as software that may be loaded into a network device and
operated 1n cooperation with an operating system (“OS”)
running on that device. For this implementation, the archi-
tecture ol the cybersecurity intelligence hub 110 includes
soltware modules that, when executed by a processor, per-
form functions directed to functionality of logic 430 1llus-
trated within the memory 410. As described below, the logic
430 may 1include, but 1s not limited or restricted to the
DMAE 240, which may include (1) the analytics logic 280,
(11) the data management logic 285, and the plurality of
plug-ins 290,-290,.. The operations of the analytics logic
280, the data management logic 285, and the plurality of
plug-ins 290,-290.; are described herein.

According to one embodiment of the disclosure, the
analytics logic 280 features a request processing engine 440
and an auto-generation processing engine 450. The request
processing engine 440 1s configured to parse request mes-
sages Tor verdict verification and access to meta-information
stored at the global data store 260. The auto-generation
processing engine 450 1s configured, responsive to a trig-
gering event, to active one or more ol the plurality of
plug-ins 290,-290,; (e.g., plug-ins 290,-290,). These plug-
ins are configured to verily the accuracy of the verdicts
within the stored meta-information (e.g., retroactive re-
classification) and/or generate additional cybersecurity intel-
ligence based on the stored meta-information associated
with prior evaluation artifacts (e.g., trend spotting, campaign
detection, etc.). The analvtics logic 280 1s further able to
provide access by administrators and customers, via the
customer portal 246, to stored meta-information within the
global data store 260.

The global data store 260 1s configured to maintain a
plurality of entries (not shown) 1n which one or more entries
are allocated for storing meta-information 462 associated
with a prior evaluated artifact. The stored meta-information
462 associated with each prior evaluated artifact may
include, but 1s not limited or restricted to the following
parameters: (1) a verdict 464 that identifies a current classi-
fication of the prior evaluated artifact; (11) an i1dentifier 465
(distinctive metadata) that specifically identifies the prior
evaluated artifact under analysis (e.g., the artifact to which
the stored meta-information 462 pertains); (111) a source 1D
466 (e.g., a specific 1dentifier of the cybersecurity source of
the stored meta-information 462); (1v) a customer 1D 467
(e.g., a specific 1dentifier of the customer associated with the
source ID 466); (v) an industry ID 468 (e.g., a specific
identifier of the industry pertaining to the customer); and/or
(v1) a geographic ID 469 (e.g., a specific 1dentifier pertaining
to a geographic region in which the cybersecurity source
resides). Each parameter 464-469 of the stored meta-infor-
mation 462 could operate as an index used by a consumer
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via the customer portal 246 of FIG. 2B to search for
cybersecurity intelligence. The cybersecurity intelligence
may be directed to meta-information or analysis results
pertaining to a particular artifact or group (two or more) of
artifacts (e.g., artifacts related or temporally proximate to the
particular artifact 270 such as a (parent) process that created
another (child) process, etc.), a specific customer, industry or
geography, or the like.

Besides some or all of the parameters 464-469, it 1s
contemplated that one or more entries (allocated for storing
the meta-information 462 associated with a prior evaluated
artifact) may include additional meta-information directed
to the cybersecurity intelligence 140-170 of FIG. 1 (e.g.,
uncovered campaign, trend, imncident investigation/response
intelligence, forensic analysis intelligence, analyst-based
intelligence, third-party based intelligence, attacker intelli-
gence, etc.). Also, results of prior analysis of the artifact may
be stored within the global data store 260 and accessible.

Additionally, the memory 410 comprises the administra-
tive portal 245 and the customer portal 246. The customer
portal 246 further includes a management logic 470 and
reporting logic 472. The management logic 470 may be
adapted to authenticate a user (e.g., security administrator)
requesting access to the cybersecurity intelligence hub 110,
where authentication data (e.g., password, URL, customer
identifier, etc.) may be obtained from a subscriber database
(not shown). After user authentication, the management
logic 470 permits a user to (1) gain access to stored content
(e.g., meta-information, objects, etc.) with the global data
store 260, (11) configure the reporting logic 472 that, in
response to search parameters associated with a query from
a customer via the customer portal 246, generates and
delivers a report pertaining to some of the stored content
(e.g., meta-information), where the report 1s generated 1n
accordance with a predefined or customized format. The
administrative portal 245 has a similar architecture, and
turther permits the administrator to set configuration data
within the cybersecurity intelligence hub 110 (e.g., set time
or max count as triggering event for signaling the manage-
ment subsystem 2350 to activate a particular plug-in). This
access to the global data store 260 may allow customers to
leverage cybersecurity intelligence seen around the platiorm
to generate additional cybersecurity intelligence (e.g., sig-
natures, rules, etc.) based on the stored meta-information.

Referring to FIG. 5, a block diagram of logic imple-
mented within the cybersecurity intelligence hub 110 of
FIGS. 2A-2C and the signaling exchange via network inter-
tace(s) 500 1s shown. Herein, the cybersecurity intelligence
hub 110 features the DMAE 240 including one or more
plug-ins (not shown), a portal 245 (e.g., single portal with
operability for administrative/customer access), the manage-
ment subsystem 250, and the global data store 260. As
shown, the DMAE 240 1s configured to receive cybersecu-
rity intelligence 510 from cybersecurity sources via the
network interface(s) 500 as well as one or more request
messages 520 from consumers (including cybersecurity sen-
sors) via the network interface(s) 500.

More specifically, according to one embodiment of the
disclosure, a first type of request message 520 may seek a
verdict associated with a particular artifact in order to take
advantage of prior analyses of the artifact. This scheme
Increases accuracy in cyber-attack detection while reducing
(optimizing) the amount of time necessary to conduct mal-
ware analysis on an artifact. Herein, after receipt and pro-
cessing of the request message 520, the DMAE 240 deter-
mines whether a portion of the meta-information associated
with the particular artifact (e.g., distinctive metadata)
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matches a portion of the stored meta-information 330 asso-
ciated with one or more prior evaluated artifacts maintained
by the global data store 260. If so, the consolidated verdict
along with at least a portion of the stored meta-information
530 i1s returned to the sensor via response message 540.

According to one embodiment of the disclosure, the
portion of the stored meta-information 330 includes a ver-
dict along with other meta-information such as context
information (e.g., source of the prior evaluated artifact,
timestamp, incident response information identifying more
details of the prior evaluated artifact, successiul or unsuc-
cessiul remediation attempts, etc.). This context information
may assist 1in the remediation and/or prevention of further
cyber-attacks where the artifact 1s classified as “malicious™
and may assist 1n optimizing processing resources (1.e.,
avoiding in-depth analysis of the artifact) when the artifact
1s classified as “benign.”

Alternatively, another type of request message 520 may
cause the DMAE 240 to upload analysis results 535 for the
particular artifact for storage within an entry or entries of the
global data store 260. This request message 3520 15 to
augment the stored meta-information 530 within the global
data store 260 from cybersecurity intelligence gathered by a
variety of sources.

Besides conducting cybersecurity analyses 1n response to
request messages, as shown i FIG. 5, the management
subsystem 250 may invoke (or alternatively cause the
DMAE 240 to invoke) one or more plug-ins to generate
additional cybersecunity intelligence based on analyses of
stored cybersecurity intelligence within the global data store
260. As shown, 1n response to a triggering event, the
management sub system 250 may invoke the retroactive
re-classification plug-in 290, which may be registered with
the management subsystem 250 (or the DMAE 240 when
the plug-in 290, 1s deployed as part of the DMAE 240 as
shown 1n FIG. 2B). The retroactive re-classification plug-in
290, 1s configured to monitor, confirm and perform system-
wide correction of prior false positive (FP) and/or false
negative (FN) results on a customer or system-wide basis.

In particular, the retroactive re-classification plug-in 290,
may prompt the data management logic (not shown) within
the DMAE 240 to conduct an analysis of the stored meta-
information within the global data store 260 to determine
whether there exist any verdicts that conflict with trusted
(e.g., high level of confidence in its accuracy) cybersecurity
intelligence, including an analysis for any inconsistent ver-
dicts for the same artifact. Moreover, the retroactive re-
classification plug-in 290, may conduct an analysis of the
global data store 260 to 1dent1fy different entries of meta-
information associated with the same prior evaluated arti-
fact, but having inconsistent verdicts. After identification,
the retroactive re-classification plug-in 290, conducts an
analysis of the meta-information associated with each of the
inconsistent verdicts 1n eflorts to ascertain which of the
inconsistent verdicts represents a correct classification for
the prior evaluated artifact.

Upon completing the analysis, according to one embodi-
ment of the disclosure, the retroactive re-classification plug-
in 290, applies a tag to each incorrect verdict. In lieu of
being tagged, 1t 1s contemplated that the incorrect verdicts
may be stored within a portion of the global data store 260
or a separate database (not shown). Independent of the
selected mechanism to identify the incorrect verdicts,
according to one embodiment of the disclosure, the opera-
tions of the retroactive re-classification plug-in 290, have
completed and notification of any affected customers that
received the incorrect verdicts 1s performed by a reclassifi-
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cation notification plug-in 290, (described below). Alterna-
tively, in lieu of a separate plug-in 290,, the retroactive
re-classification plug-in 290, may be configured with the
notification functionality of the reclassification notification
plug-in 290,.

According to one embodiment of the disclosure, the
reclassification notification plug-in 290, may be configured
to notily the affected customers through a variety of push/
pull notification schemes. As an 1illustrative example, upon
completion of the analysis and 1n according with a push
notification scheme, the reclassification notification plug-in
290, deployed within the DMAE 240 may notily a contact
for the customer (e.g., security administrator), via a report or
an alert (notification), that one or more incorrect verdicts
previously provided to the customer have been detected. It
1s contemplated that the notification may be sent to one or
more cybersecurity sensors associated with affected custom-
ers to the network interface 500 as represented by path 550.
Additionally, or in the alternative, the notification may be
sent via the portal 245 (e.g., administrative or customer
portal). Also, as an alternative or additional transmission
path, the notification may be sent to the security adminis-
trator via an out-of-band transmission path (e.g., as a text
message, email, or phone message).

In lieu of a push delivery, as described above, an autho-
rized administrator, cybersecurity provider or customer may
periodically (or aperiodically) 1ssue a request (query) mes-
sage for updated verdicts via the portal 245 (e.g., adminis-
trative portal or customer portal). In response to the query
message 560, the DMAE 240 activates the reclassification

notification plug-in 290,, which i1dentifies the incorrect
verdicts associated with that customer and assists the DMAE
240 1n providing a report 565 1dentifying these incorrect
verdicts via the portal 245. According to one embodiment of
the disclosure, 1t 1s contemplated that prior (or 1n response)
to the query message 560, the DMAE 240 may collect and
provide consolidated meta-information associated with the
corrected verdicts to one or more cybersecurity sensors
associated with the affected customers via path 550. This
consolidated meta-information updates each sensor’s data
store with the corrected verdicts, and each sensor may
provide at least a portion of consolidated meta-information
to their supported endpoints. Also, the downloaded, consoli-
dated meta-information assists an administrator (or cus-
tomer) 1n updating 1ts system resources (€.g., data store(s) in
allected sensors, local data store(s) in affected endpoints,
etc.), which allows for verification that the corrected verdicts
have been loaded into these resources.

It 1s contemplated that an authorized administrators and
cybersecurity providers may upload meta-information into
the global data store 260 via a path 570 including the portal
245, the management subsystem 250 and the DMAE 240.
Also, the authorized administrators, cybersecurity providers
or customers may conduct searches to retrieve certain stored
meta-information from the global data store 260 via path
575 to recerve enhanced reports that provide information
globally available across the entire platform. As an 1llustra-
tive example, after credentials are authenticated by the portal
245, an authorized requester may 1nitiate a search with select
search parameters to retrieve meta-information such as (1)
reclassified verdicts (as described above) or (11) any group-
ing of meta-information stored within the global data store
260. The grouping may be directed a certain artifact type
(e.g., executable or type of executable, particular type of
non-executable, etc.), a certain source (e.g., particular sensor
or endpoint), a certain IOC (or i1dentified malware name),
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certain malicious website, or the like. The search parameters
may be further refined based on a selected date/time range.

V. PLUG-IN DEPLOYMEN'T

Referring now to FIG. 6, a block diagram of an 1llustrative
sets of plug-ins 290,-290,, operating as part of or 1n con-
junction with the DMAE 240 of FIGS. 2A-2C 1s shown.
Installed and registered with logic within the DMAE 240,
the plurality of plug-ins 290,-290,, may be separated into
sets based on a plurality of selected factors. For 1llustrative
purposes, some of these factors may include (1) whether the
plug-1n 1s invoked 1n response to a request message 1nitiated
by a consumer, (11) general response time needed for the
request message (€.g., same communication session, etc.),
and (111) whether the plug-in 1s activated by a triggering
event.

Herein, each plug-in 290,-290.; 1s configured to perform
cybersecurity analyses in which the results are returned to
the analytics logic 280 of FIG. 2B-2C. As a result, the
plug-in 290,-290,; are used to enhance functionality of the
cybersecurity intelligence hub without changes to the overall
architecture, and thus, from time to time, a certain subset of
the plug-ins 290, -290.,, may be installed to adjust operability
of the cybersecurity intelligence hub based on the current
cybersecurity landscape. For instance, upon detecting a
greater number of attacks directed to a particular artifact
(e.g., Windows®-based executable), 1t 1s contemplated that
an additional plug-in may be installed and configured to
perform operations directed to that specific type of artifact
(object). Hence, the plug-ins 290,-290 .. provide flexibility in
the types and degrees of analyses conducted for cyber-attack
detection and prevention.

For one embodiment of the disclosure, referring back to
FIG. 2B, the analytics logic 280 1s configured to receive
analysis results from a particular plug-in (e.g., plug-in 290, ).
Based on the recerved analysis results and operating in
accordance with the analytic rules 282 (e.g., consolidated
verdict determination rules 283, analysis ordering rules 281,
etc.), the analytics logic 280 generates and provides an
output (e.g., consolidated verdict and/or meta-information
providing enhanced cybersecurity insights or recommenda-
tions) to one or more destinations. These destinations may
include a cybersecurity sensor, a network device under
control by an administrator (via the administrative portal), a
network device under control by a customer (via the cus-
tomer portal), and/or another (different) plug-in 290,-290,,
to perform additional analyses before the analytics logic 280
generates and provides the output. It 1s also contemplated
that the analytics logic 280 may update meta-information
within the global data store 260 after such operations. As
illustrative plugins, the plurality of plug-ins 290,-290., may
include the first set of plugs 292, the second set of plug-ins
294, and the third set of plugs 296, as described above.

According to another embodiment of the disclosure as
shown 1n FIG. 2C, the analvytics logic 280, data management
logic 285 and the management subsystem 250 may be
operating 1n accordance with the analytic rules 282. Each of
these logic units 1s configured to receive analysis results
from a particular set of plug-in, and thereaiter, generate and
provide an output to one or more destinations as described
above. The provided output may include consolidated ver-
dict and/or meta-information such as a recommendation,
contextual information, notifications of past incorrect ver-
dicts, and/or enhanced cybersecurity insights such as meta-
data i1dentitying a campaign (e.g., multiple malicious arti-
facts sharing similarities such as similar format or code
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structure, similar source or destination, etc.) or a trend (e.g.,
multiple actors using the same approach such as attack

procedures, specific type of malicious executable utilized,
etc.).

It 15 also contemplated that the analytics logic 280 (and/or
data management logic 285 or management subsystem 250)
may store meta-information into the global data store 260
after such operations. As illustrative plugins, the plurality of
plug-ns 290, -290.. may include the first set of plugs 292, the
second set of 294, and the third set of plugs 296, as described
herein.

A. Illustrative Example—First Set of Plug-Ins

A first plug-in 290, may be configured to conduct an
analysis of meta-information representing an artifact, which
1s provided by a requesting cybersecurity sensor or another
information consumer, to determine whether the artifact
should be classified as “benign”. More specifically, the first
plug-in 290, receives as input, from the analytics logic,
meta-information 600 associated with the artifact included
in a request message. The meta-information 600 may
include distinctive metadata, which may be used by the first
plug-in 290, to determine whether there 1s suflicient evi-
dence, based on comparison of the distinctive metadata to
cybersecurity intelligence directed to known benign artifacts
stored within the global data store 260, to classify the object
as “benign” and provide an analysis result 605 (e.g., one or
more verdicts and related meta-information as a result).

As an 1llustrative example, the meta-information 600
includes a hash value of the artifact (1.e., object). The hash
value 1s compared against known benign hash values (e.g.,
using whitelist and other cybersecurity intelligence) as well
as hash wvalues associated with prior evaluated artifacts.
Based on 1ts findings, the first plug-in 290, determines
whether the artifact (represented by the hash value) 1s benign
and provides the result 605 to the analytics logic (not
shown). Thereafter, based on the consolidated verdict deter-
mination rules, the analytics logic processes the result to
determine a consolidated verdict for return as a response to
the request message.

A second plug-in 290, may be configured to conduct an
analysis of meta-information representing an artifact, which
1s provided by a requesting cybersecurity sensor or another
information consumer, to determine whether the artifact
should be classified as “malicious”. Similar to the descrip-
tion above, the second plug-1n 290, receives as iput, from
the analytics logic (see FIG. 2A), meta-information 610
associated with the artifact included 1n a request message.
The meta-information 610 may include distinctive metadata,
which may be used by the second plug-in 290, to determine
whether there 1s suflicient evidence, based on comparison of
the distinctive metadata to cybersecurity intelligence
directed to known malicious artifacts stored within the
global data store 260, to classily the object as “malicious”
and provide the analysis result 615.

As an 1llustrative example, the meta-information 610
includes a hash value of the artifact (i.e., object). The hash
value 1s compared against known malicious hash values
(e.g., using blacklist and other cybersecurity intelligence) as
well as analysis of verdicts associated with prior evaluated
artifacts with a matching hash value. Based on 1ts findings,
the second plug-in 290, determines whether the artifact
(represented by the hash value) 1s malicious and provides the
result 615 to the analytics logic (not shown). Thereaiter, as
described above, a consolidated verdict for the artifact 1s
determined and a response to the request message 1s pro-
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vided with the consolidated verdict (and meta-information
associated with the consolidated verdict).

Similar 1n operation to plug-ins 290, and 290,, a third
plug-in 290, may be configured to conduct an analysis of
meta-information representing an artifact, which 1s provided
by a requesting cybersecurity sensor or another information
consumer, to determine whether the artifact should be clas-
sified as “‘unknown,” neither benign nor malicious. As mput,
the third plug-in 290, receives, from the analytics logic,
meta-information 620 associated with an artifact. The meta-
information 620 may include distinctive metadata (as
described above) for use 1n locating meta-information asso-
ciated with one or more prior evaluated artifacts correspond
to the artifact residing in the global data store and other
stored cybersecurity intelligence (e.g., analyst analyses,
third party sources, whitelists, blacklists, etc.). Upon deter-
mining that there i1s isuflicient evidence to classity the
artifact as “malicious” or “bemgn,” the third plug-in 290,
provides a result 625 1dentifying an “unknown” classifica-
tion for the artifact based on 1ts analysis of the meta-
information 620. The analytics logic determines the con-
solidated verdict, which may be sent with related meta-
information including a recommendation.

According to one embodiment of the disclosure, the
recommendation may 1nitiate or prompt (suggest) the addi-
tional analysis of the artifact based on knowledge of the
capabilities of the source 1ssuing the request message that
may be stored as a portion of meta-information within the
global data store 260. For example, where the meta-infor-
mation 620 identifies the source of the request message as a
cybersecurity sensor equipped to perform only limited arti-
fact analytics (e.g., no behavioral malware analysis capa-
bilities), the recommendation included 1n the result 625 may
be directed to additional static analyses that may be handled
by the sensor and/or include information (e.g., link, mnstruc-
tion, etc.) that may cause the cybersecurity sensor to submit
the artifact to an analysis system remotely located from the
sensor. Alternatively, where the meta-information 620 1den-
tifies the source of the request message as a cybersecurity
sensor equipped to perform any cybersecurity analysis (e.g.,
static malware analysis, behavioral malware analysis, and/or
inspection through machine learning models), the recom-
mendation may prompt the cybersecurity sensor to perform
or 1nitiate one or more of such analyses at the sensor.

Besides the type of additional analysis or analyses, the
recommendation may include a selected order of analyses or
identily certain characteristics or behaviors of importance 1n
a more detailed analysis of the artifact at the sensor. The
characteristics may be directed to particular aspects associ-
ated with the structure and content of the artifact (e.g., code
structure, patterns or signatures of bytes forming the object,
etc.). The behaviors may be 1dentified as certain behaviors
that should be monitored at run-time within a wvirtual
machine or may constitute events detected using machine-
learning models. The recommendation may further include
a selected order of additional plug-in analyses that may
assist 1n determining a known verdict for the artifact (e.g.,
verdicts indicate benign, but the benign artifacts have certain
abnormalities (described below) that may suggest submis-
sion of the consolidated meta-information from the third
plug-in 290, to an eighth (campaign) plug-in 290,.

As an alternative embodiment, 1t 1s contemplated that the
first, second and third plug-ins 290,-290, may be configured
to determine the consolidated verdict and provide the same
to the analytics logic 280. For this embodiment, the analytics
logic 280 may either provide the consolidated verdict to the
requesting entity (e.g., cybersecurity sensor) or alter the
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provided consolidated verdict i1f the analytic rules 282
feature constraints on the analytics logic 280 providing
known verdicts and those constraints are not satisfied, as
described above.

B. Illustrative Example—Second Set of Plug-Ins

A fourth plug-in 290, may be configured to generate a
response 6335 to meta-information 630 configured to identify
inconsistent verdicts associated with a particular consumer,
such as a particular network device (identified by the sub-
mitted Device_ID) or a particular customer (identified by the
submitted Customer_ID). These inconsistent verdicts may
be detected based on operations performed by the sixth
(retroactive reclassification) plug-in 290, described below.
Upon receipt of a query for updated verdicts from a con-
sumer, the analytics logic invokes the fourth plug-in 290,
and passes the information associated with the query, includ-
ing the Customer ID, to the plug-in 290,. The plug-in 290,
processes the query and returns prior analyses results for that
particular customer that are inconsistent for the same arti-
fact.

Additionally, the fourth plug-in 290, may be configured to
generate a verdict update message or provide meta-infor-
mation for the generation of this message by logic within the
DMAE (e.g. analytics logic). The verdict update message
identifies one or more of the 1nconsistent verdicts detected
by the sixth (retroactive reclassification) plug-in 290, and
corrected within the global data store. The verdict update
message provides meta-information that identifies which
verdicts have been incorrectly classified and the correct
verdicts (e.g., “malicious” corrected as “benign”; “benign”
corrected as “malicious™, etc.). The verdict update message
may be utilized by one or more cybersecurity sensors to alter
stored meta-information within their data store(s) and/or
local data stores within endpoints supported by these cyber-
security sensor(s).

A fitth plug-in 290, may be configured to receive cyber-
security information regarding previously encountered inci-
dents exhibiting one or more i1dentified I0Cs 640, which
may be utilized as a search index. The received cybersecu-
rity information may be used to augment stored cybersecu-
rity intelligence within the global data store, where the
augmented cybersecurity intelligence may be subsequently
accessed via an admimstrative portal by the incident
responder to receive contextual information 645. The con-
textual mformation may enhance understanding of the arti-
fact under analysis that may assist in the current incident
investigation and provide context to the results of this
investigation, which may be included 1n a report to the
customer who commissioned the investigation or may be
used 1n verilying the results of the investigation.

C. Illustrative Example—Third Set of Plug-Ins

The sixth plug-in 290, (Retroactive Reclassification) may
be invoked 1n response to a triggering event 650, such as a
scheduled event (e.g., timeout, max count, etc.) or a dynamic
cvent (e.g., administrator-imtiated or plug-in generated
event). Once mvoked, the sixth plug-in 290, 1s configured to
perform a platform-wide, reclassification analysis of meta-
information within the global data store 260 of FIG. 2A for
any contlicts between the meta-information and trusted
cybersecurity intelligence (e.g., verdicts now considered to
be incorrect based on new intelligence such as determination
of a hnacked website or a malicious web domain, etc.)
and/or any abnormalities (e.g., inconsistent verdicts, ver-
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dicts that are based on stale meta-information that renders
them suspect or 1incorrect, or 1n some cases, earlier benign
verdict(s) for which a later discovered trend or campaign
would indicate that these earlier benign verdict(s) may be
suspect and the corresponding artifact(s) should be reclas-
sified as malicious), where such conflicts or abnormalities
may 1dentily incorrect verdicts 635 associated with stored
meta-information representing a false positive (FP) and/or
false negative (FIN).

According to one embodiment, the reclassification analy-
s1s may be 1mitiated by the triggering event 650, which may
include one or more search parameters for this analysis. The
search parameters may be time-based (e.g., reclassification
analysis directed to entries of the global data store that are
newly created or modified within a prescribed period of
time), customer-based (e.g., reclassification analysis
directed to a specific customer selected 1n accordance with
a round-robin selection scheme or a weighted scheme where
the frequency of the analysis 1s dependent on a subscription
level paid by the customer for the services oflered by the
cybersecurity intelligence hub), industry-based, or the like.
Additionally, or 1n the alternative, the reclassification analy-
s1s may be 1mitiated by an administrator via the administra-
tive portal, where the search parameters may be directed to
a particular time frame, a particular customer, a particular
submission from a cybersecurity sensor, a particular artifact
(based on selected distinctive metadata such as hash value,
source 1P address, etc.), or the like.

As described above, the retroactive re-classification plug-
in 290, may control operations of the data management logic
in accessing meta-information within the global data store to
identify conflicts with trusted cybersecurity intelligence. For
example, based on newly available cybersecurity intelli-
gence (e.g., 1dentification of a malicious source such as a
malicious website), the retroactive re-classification plug-in
290, may conduct an analysis of stored meta-information
within the global data store to 1dentily any meta-information
including a source address (e.g., IP address, domain name,
etc.) for a currently i1dentified malicious website separate
from analysis of the consistency of the verdicts as described
below. Each verdict associated with the detected meta-
information sourced by the malicious website 1s set to a
“malicious” classification.

As another example, the retroactive re-classification plug-
in 290, may conduct an analysis of the global data store 260
to 1dentily any inconsistent verdicts for the same, prior
evaluated artifact. After identification, the retroactive re-
classification plug-in 290, conducts an analysis of the stored
meta-information associated with each of the inconsistent
verdicts 1 eflorts to ascertain which of the inconsistent
verdicts represents a correct classification for the prior
evaluated artifact. This analysis may include determining
differences that may give rise to different verdicts such as
differences 1n (1) operating environment utilized 1n assigning
a verdict to the prior evaluated artifact that may be included
as part of the stored meta-information (e.g., type of guest
image, application or OS; amount of compute time
expended based on load; date/time of processing; geo-
graphic location, etc.), (11) characteristics of the artifact (e.g.,
format, enabled features, port configurations, etc.), (111) the
type of analysis conducted to render the verdict, (iv) source
of the artifact, or the like.

Upon completing the analysis, according to one embodi-
ment of the disclosure, the retroactive re-classification plug-
in 290, may apply a tag to each incorrect verdict. In lieu of
being tagged, 1t 1s contemplated that the incorrect verdicts
may be stored within a portion of the global data store or a
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separate database (not shown). Therefore, the operations of
the retroactive re-classification plug-in 290, have completed
and notification of any affected customers that received the
incorrect verdicts may be initiated 1n response to the reclas-
sification notification plug-in 290, (described above). Alter-
natively, 1n lieu of a separate plug-in 290,, the retroactive
re-classification plug-in 290, may be configured with the
notification functionality of the reclassification notification
plug-in 290,.

As described above, the sixth plug-in 290, may be con-
figured to 1dentily the inconsistent verdicts and tag the entry
or entries associated with the incorrect verdicts. Addition-
ally, the stored meta-information associated with the incor-

[ 1

rect verdicts may be analyzed, by logic within the DMAE
(see FIGS. 2B-2C) or the sixth plug-in 290, to identily
whether one of these prior analyses has a higher propensity
for accuracy than the other. As a first 1llustrative example,
where meta-information associated with a prior evaluated
artifact 1s iitially classified with a “benign” (benign verdict)
by a first source, and subsequently, meta-information asso-
ciated with the prior evaluated artifact is classified with a
“malicious” verdict by a second source conducting greater
in-depth analysis, the sixth plug-in 290, may retroactively
re-classity the meta-information from the first source as
“malicious” (tagging the meta-information from the first
source, modifying or initiating modification of the verdict
the verdict associated with the meta-information from the
first source). Herein, the retroactive re-classification may
occur because the analysis techniques commenced at the
first source are not as robust as a static or behavioral
malware analysis performed by the second source.

As a second 1illustrative example, referencing the incon-
sistent verdicts between the first and second sources
described above, both the first and second sources may
perform a behavioral malware analysis, but use diflerent
soltware 1mages resulting in different verdicts (for example,
where the second source uses a soltware 1mage with soft-
ware more vulnerable to an exploit than the software image
of the first source). Herein, the sixth plug-in 290, may
retroactively re-classily the meta-information from the first
source as “malicious” as the artifact 1s malicious even
though the software 1image utilized by the first source, given
its ability to more advanced operability, may inherently
require a high level of maliciousness to consider the artifact
as part of a cyber-attack.

Furthermore, 1t 1s contemplated that, given the uncovered
conflicts or abnormalities as described above, the sixth
plug-1n 290, may be configured to prompt the data manage-
ment logic 285 or the analytics logic 280 (see FIGS. 2B-2C)
to alter the consolidated verdict for the artifact featuring
inconsistent verdicts to be of an “unknown” classification.
By altering the classification, the cybersecurity intelligence
hub 110 may cause further detailed analyses of the artifact
to determine a known, consolidated verdict with a greater
level of confidence as to 1ts accuracy.

The seventh and eighth plug-ins 290, and 290, may be
directed to trend 1dentification and campaign detection. For
trend 1dentification, 1n response to a triggering event 660, the
seventh plug-in 290, 1s activated and analyzes meta-infor-
mation within entries of the global data store 260, including
meta-information with “benign™ and “malicious” verdicts, to
identify (from the analyzed meta-information) malicious
actors using the same approach in conducting a cyber-attack.
These trends may be more verifiable when considering
timing of cyber-attacks (e.g., time of day, frequency within
a prescribed duration, etc.). The results of the analysis (trend
information) 665 1s reported to logic within the DMAE.

10

15

20

25

30

35

40

45

50

55

60

65

38

For example, the seventh plug-in 290, may conduct
analyses to detect substantially increasing number of “mali-
cious” verdicts associated with stored meta-information
within the global data store, where the meta-information 1s
received from different sources and directed to a certain type
of artifact (e.g., Windows® OS based executables). The
increasing number may be representative of an increase (in
percentage) of newly stored meta-information associated
with a Windows® OS based executable over a prescribed
time range (e.g., last two-weeks of the month) that exceeds
a certain threshold. If so, a trend may be detected as to a
wide-scale cyber-attack on Windows® OS based executable
and further analysis may be conducted to identify the
characteristics of the trend (e.g., directed to a certain version
of the Windows® OS, time of attack which may signify
origin, certain registry keys targeted, etc.). During the trend
analysis, 1t 1s contemplated that the detection of certain
factors (e.g., heavy concentration directed to a certain cus-
tomer or class of customers, or to a particular network
device) may cause the seventh plug-in 290, to trigger the
campaign detection plug-in 290, to further analyze a portion
ol the meta-information collected during the trend analysis.

Based on the findings, the plug-in 290, may provide the
analytic results to the analytics logic, which may generate a
notification operating as a warning to the one or more
customers about the cybersecurity landscape currently deter-
mined by the cybersecurity intelligence hub.

For campaign detection, 1n response to a triggering event,
the plug-1n 290, 1s activated and analyzes meta-information
670 with entries of the global data store 260 including
“malicious” verdicts only. Such analyses are performed to
identify targeted and deliberate cyber-attacks based on rep-
ctitious attempts to the same network device, the same
customer, or the same industry, etc. The result of such
analysis (campaign information) 675 may be reported to
logic within the DMAE, which generates a notification to
associated customers for transmission via the customer
portal or an out-of-band transmission path (e.g., as a text
message, email, or phone message).

More specifically, the plug-in 290, conducts an analysis
focused on meta-information with “malicious™ verdicts and
grouping meta-information sharing similarities. For
instance, a campaign analysis may be conducted for meta-
information associated with artifacts originated from the
same or similar source (e.g., a particular web domain, IP
address or geographic location, etc.) or meta-information
submissions originating from the same cybersecurity sensor
and/or endpoint that denote a concentrated cyber-attack on
a particular enterprise and/or device. Based on the findings,
the plug-in 290, may provide results to be reported to the
customer (1f a customer-based campaign) or genericized and
reported to multiple customers (1f an industry-wide cam-
paign).

The ninth plug-1n 290, 1s directed to 1dentifying sophis-
ticated cyber-attacks targeting different devices, customers
or industries, etc., by collecting meta- mformatlon 680 with
malicious verdicts for these different devices, customers or
industries. From the collected meta-information 680, logic
within the plug-in 290, operates to detect similarities asso-
cliated with meta-information within the different devices,
customers or industries.

More specifically, the correlation plug-in 290, performs a
correlation operation across the stored cybersecurity intel-
ligence within the global data store to assimilate related
artifacts to develop consolidated meta-information to spot
more sophisticated cyber-attacks that may be hidden from
spot analysis by a single source. Such sophisticated attacks
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may 1nclude those using, for example, multiple attack stages
and/or multiple vectors and/or aimed at multiple targets. The
analysis results 685 are reported to logic within the DMAE
for subsequent transmission as a report to one or more
customers.

Referring to FIG. 7, an illustrative flow diagram of
operations conducted by a plug-in deployed within the
cybersecurity intelligence hub 110 of FIG. 2A for respond-
ing to a request message for analytics associated with a
selected artifact 1s shown. According to this embodiment of
the disclosure, a request message including meta-informa-
tion associated with an artifact (e.g., executable, non-ex-
ecutable, collection of information associated with a logon
or network connection activity) 1s received (block 700).
Using at least a portion of the meta-information associated
with the artifact (e.g., distinctive metadata), a review of
entries within the global data store 1s conducted to determine
if any prior analyses for the artifact have been stored (block
705).

According to one embodiment of the disclosure, 1t 1s
contemplated that the global data store may be segmented
into and organized as different caches (e.g., different levels;
same level, but different cache structures; different cache
structures organized to store meta-information associated
with analyses of prior evaluated artifacts received within
prescribed time ranges, etc.). For instance, a first cache may
be configured to maintain meta-information associated with
analyses conducted on prior evaluated artifacts during a
current calendar day. A second (larger sized) cache may be
configured to maintain meta-information uploaded associ-
ated with analyses conducted on prior evaluated artifacts
during the current week, etc.).

Upon determiming that the stored meta-information asso-
ciated with a prior evaluated artifact matching the artifact (or
activity) has been previously stored (block 710), this stored
meta-information, including a stored verdict 1s collected and
a response message including the stored consolidated meta-
information for the prior evaluated artifact (or activity) is
generated (blocks 715 and 725). As an optional operation,
prior to generating the response message, a determination 1s
made as to whether the number of stored evaluations of the
artifact exceeds a verdict threshold (block 720). I so, the
response message mcluding at least the known verdict (e.g.,
malicious or benign) 1s generated as set forth 1n block 725.
Otherwise, the response message 1s generated with an
“unknown” verdict to prompt further malware analyses of
the artifact and subsequent storage of the malware analysis
results into the global data store within one or more entries
allocated to the artifact (block 730). Besides the verdict,
additional meta-information extracted from the one or more
entries associated with the prior evaluated artifact 1is
included in the response message.

If the meta-information associated with a prior evaluated
artifact has not been previously stored in the global data
store, the verdict associated with the artifact 1s set to an
“unknown” classification. Thereatiter, further analyses (or
retrieval of the object for analysis) may be conducted in
cllorts to determine a definitive classification (e.g., mali-
cious or bemgn) for the artifact (block 735). The meta-
information associated with the artifact (or activity) is stored
in the global data store (block 740). The response message
1s returned to the requesting consumer (block 745).

Referring now to FIG. 8, an 1illustrative flow diagram of
operations conducted by a plug-in deployed within the
cybersecurity mtelligence hub of FIG. 2A for responding to
a request message for analytics 1s shown. Herein, according
to one embodiment of the disclosure, a request message
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directed to acquiring stored meta-information from the
global data store 1s received from a customer (block 800).
Analytics logic within the cybersecurity intelligence hub
determines whether the request message 1s directed to low-
latency request to be handled by the first set of plug-ins
(block 810). IT so, the request message 1s handled during the
same communication session as illustrated in FIG. 7 and
described above (block 820). Otherwise, the request mes-
sage 1s handled at a higher latency (e.g., lower priority) than
the low-latency requests and the contents of the request
message are provided to the data management logic (block
830).

The data management logic analyzes the incoming con-
tent of the request message to determine which plug-in(s)
are activated to perform the requisite operations to service
the request message (block 840). Also, the plug-in(s) may
collect information in responding to the request message
alter the communication session initiated by the request
message has terminated (block 850). If the commumnication
session has terminated, the obtained information may be
temporarily stored in the global data store or a type of
temporary storage such as a volatile memory (blocks 860
and 870). In response to receiving another request message
from the customer, the obtained information 1s returned to
the customer (blocks 880 and 890), although not shown, the
obtained information may be provided to the customer 1n
licu of the “pull” delivery scheme described above.

Referring to FIG. 9, an exemplary flow diagram of
operations conducted by a plug-in of the cybersecurity
intelligence hub of FIG. 2A 1n response to a configurable,
triggering event, a particular plug-in 1s activated to analyze
the stored meta-information within the global data store to
determine whether any abnormalities (e.g., inconsistent ver-
dicts, or stale verdicts that are now incorrect based on
additional intelligence including determination of potential
trends or campaigns, etc.) are determined (blocks 900-910).
For example, where the plug-in 1s a retroactive re-classifi-
cation plug-in and upon confirmation of a re-classification
event as described above, the updated cybersecurity intelli-
gence (e.g., confirmed consolidated verdict) 1s provided to
the sources that previously received incorrect consolidated
verdicts (block 920). If any abnormalities are detected, a
notification (e.g., an alert) may be 1ssued to security admin-
istrator (block 930).

In the foregoing description, the mvention 1s described
with reference to specific exemplary embodiments thereof.
However, 1t will be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention as set forth in the
appended claims.

What 1s claimed 1s:

1. A cybersecunity intelligence hub for collecting and
distributing cybersecurity intelligence, the cybersecurity
intelligence hub comprising:

a non-transitory storage medium operating as a data store

to store meta-information for prior evaluated artifacts;

a plurality of plug-ins; and

analytics logic communicatively coupled to at least the

plurality of plug-ins, the analytics logic being config-
ured to (1) receive a request message to conduct a
cybersecurity analysis, (11) select at least one plug-in of
the plurality of plug-ins to analyze the stored meta-
information for the prior evaluated artifacts and per-
form the cybersecurity analysis requested by the
request message to obtain the cybersecurity intelli-
gence, and (111) provide, using meta-information within
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the request message, the cybersecurity intelligence 1n
response to the request message,

wherein the plurality of plug-ins comprises (1) a first set

of plug-ins each configured to analyze the stored meta-
information for the prior evaluated artifacts and provide
the cybersecurity intelligence 1n response to and during
a same communication session as the request message
and (11) a second set of plug-ins each being configured
to analyze the stored meta-information for the prior
evaluated artifacts and allow the cybersecurity intelli-
gence to be provided in response to the request message
during a different and subsequent communication ses-
ston than a communication session during which the
request message 1s received.

2. The cybersecurity intelligence hub of claim 1 further
comprising user interface logic operating as a portal that
authenticates access to the analytics logic,

wherein the request message 1s a query from a customer,

via the user interface logic, requesting stored meta-
information including any of the prior evaluated arti-
facts classified as malicious and submitted by one or
more network devices associated with the customer.

3. The cybersecurity intelligence hub of claim 1, wherein
cach of the first set of plug-ins 1s configured to handle
request messages that require lesser latency than latencies
associated with servicing request messages handled by the
second set of plug-ins.

4. The cybersecurnity intelligence hub of claim 1, wherein
the analytics logic being configured to (1) recerve the request
message, including the meta-information associated with an
artifact, from a cybersecurity sensor, (11) select the at least
one plug-in, being one of the first set of plug-ins, to analyze
the stored meta-information for the prior evaluated artifacts,
and (111) determine, using the meta-information associated
with the artifact, a consolidated verdict for the artifact being,
part of the cybersecurity intelligence to be provided to the
cybersecurity sensor.

5. The cybersecurity intelligence hub of claim 1, wherein
a plug-in of the second set of plug-ins being configured to
receive cybersecurity information regarding previously

encountered incidents exhibiting one or more indicators of

compromise as part of the request message, the one or more
indicators of compromise being utilized as a search index.

6. The cybersecurity intelligent hub of claim 1, wherein
the plurality of plug-ins further include a third set of plug-ins
cach configured to analyze the stored meta-information for

the cybersecurity intelligence provided in response to the
request message.

7. The cybersecurity intelligent hub of claim 6, wherein
one of the third set of plug-ins comprises a plug-in config-
ured to identify a campaign being a cyber-attack based on
repetitious attempts targeted towards a network device or a
network associated with the network device to infiltrate and
disrupt operations of the network device or the network
based on analysis of prior evaluated artifacts of the stored
meta-information being of a malicious classification.

8. A system for determiming whether an artifact 1s asso-
ciated with a cyber-attack, the system comprising:
one or more network devices operating as one or more

cybersecurity sensors, each of the one or more network

devices including a hardware processor; and

a cybersecurity intelligence hub remotely located from
and communicatively coupled to the one or more
cybersecurity sensors over a network, the cybersecurity
intelligence hub comprises

the prior evaluated artifacts and generate at least a portion of
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a data store to store meta-information for prior evalu-
ated artifacts,

interface logic operating as a customer portal or as an
administrator portal,

a plurality of plug-ins, and

analytics logic communicatively coupled to the data
store and the plurality of plug-ins, the analytics logic
configured to (1) recerve a request message including
meta-information associated with an artifact from a
cybersecurity sensor of the one or more cybersecu-
rity sensors, (11) select at least one plug-in of the
plurality of plug-ins to analyze a portion of the stored
meta-information for the prior evaluated artifacts,
and (111) determine, using the meta-information asso-
ciated with the artifact, a consolidated verdict for the
artifact to be provided to the cybersecurity sensor,

wherein the plurality of plug-ins comprise (1) a first set
of plug-ins including a first plug-in configured to
analyze the stored meta-information for prior evalu-
ated artifacts and provide the consolidated verdict for
the artifact to the cybersecurity sensor within a first
latency threshold and during a same communication
session as the request message, and (11) a second set
of plug-ins each being configured to analyze the
stored meta-information for the prior evaluated arti-
facts and allow cybersecurity intelligence to be pro-
vided 1n response to a second request message
received by the analytics logic, the cybersecurity
intelligence being provided within a second latency
threshold that 1s greater than the first latency thresh-
old.

9. The system of claim 8, wherein the cybersecurity
intelligence hub further comprising data management logic
configured to retrieve the portion of the stored meta-infor-
mation from the data store for use by the at least one plug-in
of the plurality of plug-ins and the analytics logic to deter-
mine the consolidated verdict for the artifact.

10. The system of claim 8, wherein the plurality of
plug-ins of the cybersecurity intelligence hub includes the
first set of plug-ins imncluding the first plug-in configured to
analyze the stored meta-information for the prior evaluated
artifacts.

11. The system of claim 10, wherein the plurality of
plug-ins of the cybersecurity intelligence hub further
includes the second set of plug-ins each being configured to
analyze the stored meta-information for the prior evaluated
artifacts and allow the cybersecurity intelligence to be
provided in response to the second request message recerved
by the analytics logic, the cybersecurity intelligence being
provided during a different and subsequent communication
session than the communication session during which the
second request message 1s recerved.

12. The system of claim 8, wherein the plurality of
plug-ins of the cybersecurity intelligent hub includes a third
set of plug-ins, each plug-in of the third set of plug-ins being,
configured to analyze the stored meta-information for the
prior evaluated artifacts and generate cybersecurity intelli-
gence availlable for retrieval from the data store via the
interface logic.

13. The system of claim 12, wherein a plug-in of the third
set of plug-ins being configured to identily a campaign being
a cyber-attack based on repetitious attempts targeted
towards a network device or a network associated with the
network device to ifiltrate and disrupt operations of the
network device or the network based on analysis of prior
evaluated artifacts of the stored meta-information being of a
malicious classification.
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14. A cybersecurity intelligence hub for collecting and
distributing cybersecurity intelligence, the cybersecurity
intelligence hub comprising:

a non-transitory storage medium;

analytics logic stored within the non-transitory storage

medium, the analytic logic being configured to (1)
receive a request message to conduct a cybersecurity
analysis and (11) select at least one module of a plurality
of modules to conduct the cybersecurity analysis; and
the plurality of modules 1ncluding at least a first set of
modules and a second set of modules, wherein
responsive to selecting at least one module of the first
set of modules by the analytics logic, conducting and
completing the cybersecurity analysis while a com-
munication session between the at least one module
of the first set of modules and a network device
imitiating the request message remains open, and
responsive to selecting at least one module of the
second set of modules by the analytics logic, con-
ducting and completing the cybersecurity analysis
while allowing the cybersecurity intelligence to be
provided 1n response to the request message during
a different and subsequent communication session
than the communication session during which the
request message 1s recerved.

15. The cybersecurity intelligence hub of claim 14,
wherein the at least one module 1s a software plug-in
communicatively coupled to the analytics logic.

16. The cybersecurity intelligence hub of claim 15 further
comprising user interface logic operating as a portal that
authenticates access to the analytics logic,

wherein the request message 1s a query from a customer,

via the user interface logic, conducting the cybersecu-
rity analysis by at least requesting stored meta-infor-
mation including any of the prior evaluated artifacts
classified as malicious and submitted by one or more
network devices associated with the customer.

17. The cybersecurity intelligence hub of claim 15,
wherein the analytics logic being configured to (1) receive
the request message, including the meta-information asso-
cliated with an artifact, from a cybersecurity sensor, (11)
select the at least one module, being one of the first set of
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modules, to conduct the cybersecurity analysis by at least
analyzing stored meta-information for the prior evaluated
artifacts, and (111) determine, using the meta-information
assoclated with the artifact, a consolidated verdict for the
artifact being part of the cybersecurity intelligence to be
provided to the cybersecurity sensor.

18. The cybersecurity intelligence hub of claim 17,
wherein a module of the second set of modules being
configured to receive cybersecurity information regarding
previously encountered incidents exhibiting one or more
indicators of compromise as part of the request message, the
one or more indicators of compromise being utilized as a
search index.

19. The cybersecurnity intelligent hub of claim 17, wherein
the plurality of modules further include a third set of
modules each configured to analyze the stored meta-infor-
mation for the prior evaluated artifacts and generate at least
a portion of the cybersecunity intelligence provided 1in
response to the request message.

20. The cybersecurity intelligent hub of claim 17, wherein
the plurality of modules further include a third set of
modules operating as a background process, each of the third
set of modules being configured to analyze the stored
meta-information for the prior evaluated artifacts and gen-
crate at least a portion of the cybersecurity intelligence
provided over a portal.

21. The cybersecurity intelligent hub of claim 19 or 20,
wherein one of the third set of modules comprises a plug-in
configured to 1dentily a campaign being a cyber-attack based
on repetitious attempts directed towards a network device or
a network to which the network device 1s connected, the
repetitious attempts to infiltrate and disrupt operations of the
network device or the network based on analysis of prior

evaluated artifacts of the stored meta-information being of a
malicious classification.

22. The cybersecurity intelligent hub of claim 19 or 20,
wherein one of the third set of modules comprises a plug-in
configured to analyze stored meta-information within a data
store for cyber-attack trends across enterprises, industries,
government agencies, or geographic locations.
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